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3 10 00 J57 PRODUCTS WITH REGISTERED TRADENAMES

Throughout this report, a number of chemical product names
appear. The following list indicates those products which have
registered tradenames:

Betasan
Imidan

Dyfonate
Crystex
Trithion
Eptam
Sutan
Vernam
Tillam
Ordram
Ro-neet
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Site Background

Stauffer Chemical Company previously owned and operated a
multi-product inorganic chemical manufacturing plant at
LeMoyne, Alabama and an agricultural chemical facility at the
adjacent Cold Creek site. The LeMoyne plant, purchased by Akzo
Cheraie America. Inc. in 1987, has been in operation since
1953. The Cold Creek plant has been in operation since 1966
and is currently owned by ICI Americas, Inc. Halby Chemical
Company (later part of Witco. Inc.) also operated a small
facility for a time on a leased section of the LeMoyne property

Until 1973, industrial wastes from these operations were
disposed in unlined disposal areas and, in the case of
wastewater, to unlined ponds or, after treatment, by discharge
to Cold Creek Swamp. Presumably as a result of these
practices, a ground-water contamination problem developed.
This was recognized in the early 1970's, and many improvements
and waste-handling modifications were made. Lined ponds were
installed, solid wastes were diverted for off-site treatment
and/or disposal, and the existing disposal sites were cleaned,
consolidated, and capped with impermeable liners and clay. The
ground-water problem was addressed by installation of an
intercept and treatment system. This latter work was conducted
with the review of, and approval by, the Alabama Water
Improvement Commission (AWIC), predecessor agency to the
present Alabama Department of Environmental Management (ADEM).

In 1982. an assessment of the plant sites was made by the
Alabama Department of Public Health in response to submissions
made by Stauffer to the House Committee on Interstate Commerce
("the Eckhardt Survey"). At the request of the Alabama
Department of Public Health, monitoring wells were installed
around the three closed landfills. In spite of the previously
identified ground-water problems already under remediation.

-1-
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data primarily from these monitoring wells were held by the
Federal Environmental Protection Agency (EPA) to be the basis
for inclusion of these facilities on the National Priorities
List (NPL), which ranks hazardous waste disposal sites under
provisions of the Comprehensive Environmental Response.
Compensation and Liability Act of 1980 (CERCLA), commonly known
as "Superfund".

Purpose of Investigation

Camp Dresser and McKee. Inc. (CDM). under contract to the
EPA. conducted preliminary sampling at the site in May of 1985
and prepared a Work Plan which is the basis for this Remedial
Investigation (RI). Based on the sampling and previous
investigations of both the Cold Creek and LeMoyne sites, and
offsite on Courtaulds North America's (CNA) property. CDM
concluded that there was possible ground-water contamination
(primarily mercury, carbon tetrachloride. carbon disulfide and
thiocarbamates). Further, CDM suggested that some contaminants
were moving offsite towards the CNA production wells. The
major potential sources of contamination were considered to be
the Cold Creek Swamp, unlined waste holding and treatment
ponds, and the Cold Creek and LeMoyne landfills (see Figure
ES-1).

For the purpose of the RI. the Cold Creek and LeMoyne
properties are considered one site, as outlined in the Work
Plan and agreed upon by the EPA. The purpose of this Remedial
Investigation is to characterize the type and extent of
contamination; to identify contamination sources, migration
pathways, and the potential for adverse environmental impacts;
and to provide a basis for evaluation of the most
cost-effective remedial action alternatives.

The Cold Creek/LeMoyne site is located just off U.S.
Highway 43, approximately 20 miles north of Mobile. Alabama
(see Figure 1-1 in Section 1.2). The site is surrounded by
several other chemical production plants, and the site area is
very sparsely populated, the nearest community being Creola. 5

-2-
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miles to the south. The Cold Creek Swamp lies between the
plant sites and the Mobile River, which is approximately 1 1/2
miles to the east of the main facilities. The swamp flows
northeast, then east, discharging to the Mobile River.

The Cold Creek plant manufactures proprietary herbicides
and pesticides used in agricultural farming. Among the
principal products made are Betasan. Imidan, Dyfonate and
several thiocarbamates. The LeMoyne plant manufactures carbon
disulfide, carbon tetrachloride, sulfuric acid, caustic,
chlorine and Crystex (a proprietary sulfur compound).

Previous Remedial Activities

AS mentioned above, after ground-water contamination was
discovered in the early 1970's, investigations of potential
sources were initiated and clean-up activities begun. Two
unlined waste burial sites at Cold Creek were capped as was the
LeMoyne landfill. The use of unlined wastewater treatment
ponds was discontinued, and several were closed. New lined
ponds were installed, and the treated wastewater was discharged
to the Mobile River. Spill control and storm-water recycling
and drainage controls were put in place. Low-lying plant areas
adjacent to the unnamed stream feeding the Cold Creek Swamp
were selectively backfilled with clean fill material to control
flooding. A number of monitoring wells were drilled and
ground-water analysis commenced.

Finally, after a hydrogeologic investigation by Ground
Water Associates, Inc. (GWA), Stauffer, in 1980, installed a
ground-water intercept and treatment system. This system,
which has been operating since 1981, consists of three
interceptor wells with a total design capacity of 1500 gallons
per minute (gpra). The wells are situated along the southern
property line and are located just downgradient of the inactive
carbon tetrachloride (CTC) plant wastewater treatment (WWT)
pond. Contaminated ground water is pumped to an air
stripping/aeration pond and, following treatment, is discharged

-4-
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to the Mobile River under provisions of an NPDES permit (see
Appendix XXIII for a more detailed description of the
ground-water intercept and treatment program). Since this
installation, the ground water has steadily improved in quality.

The RI field investigation, as proposed in CDM's Work
Plan, was carried out in total except for the conditional Phase
II swamp sampling. Based on the initial swamp soil sampling
and the ground-water sampling results, EPA decided to omit the
Phase II sampling. A total of 311 samples were collected
between May and August of 1986. Complete analytical results
are included in Appendices 1-1 through V-2, and summary tables
are presented in Chapters 1 and 5.

Major Investigation Findings

The Cold Creek Swamp was sampled at 34 locations with
3-foot deep soil borings (see Drawing Number 1.3 in Appendix
XVII for locations). The same technique was used at four
locations in the LeMoyne Swamp (see Figure 5-3). Seven
composite soil samples were analyzed for thiocarbamates,
chlorides and priority pollutants (Tables 5-7 and 5-8), and 31
samples for mercury only (Table 5-9). Except for mercury, no
priority pollutants were found other than typical levels of
some heavy metals commonly found in natural soils (see Appendix
XVIII for comparison). Most thiocarbamates were found to be
non detectable, with a few between 0.1 and 1.8 milligrams per
kilogram (rag/kg, or parts per million, ppm). Mercury
concentrations, as shown in Table 5-9 and Drawing 1.3 (Appendix
XVII), indicated low to high (BMDL to 690 rag/kg) levels. No
mercury was found in any of the ground-water samples
indicating, as shown later, that mercury was not being
transmitted from the swamp to adjacent underlying ground waters.

Fish samples were collected at five locations and analyzed
for mercury. Levels ranged from 0.4 to 3.1 rag/kg whole fish.
The species of fish collected are shown in Appendix XXI.

-5-
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A total of twelve soil samples were taken around the three
landfills (see Figure 5-1 and Tables 5-1, 5-2 and 5-3). No
priority pollutants were found other than low parts per million
(ppm) levels of a few heavy metals. A few samples showed above
average values for antimony and mercury. The area around and
under the Cold Creek landfills showed no detectable levels of
site-specific (production-related) compounds with minor
exceptions, the highest being 1.5 rag/kg molinate. Vanadium
levels were typically 1.1 to 30 rag/kg, which are low compared
to those found in natural soil (20 to 500 mg/kg; see Appendix
XVIII). The synthetic membrane covering of each of the
landfills was exposed and sampled. These were found to be
sound with no apparent deterioration (see Appendix XVI).

Eighteen (18) soil borings were made around nine ponds
(see Figure 5-2, Tables 5-4 and 5-5). Analysis of composite
samples did not detect priority pollutants except for
background levels of some heavy metals. A sample taken inside
the closed Halby pond showed high levels of copper (442 mg/kg),
zinc (1,170 mg/kg) and cyanide (240 mg/kg), but samples taken
adjacent to the pond were at or below background levels for
these compounds. Heavy metals were not found in the ground
water. Site-specific compounds were not detected in soil
samples with the exception of thiocyanate found in soil in and
around the Halby pond and low levels of thiocarbamates under
Cold Creek's closed neutralization pond. Priority pollutants
were not detected in surface-water samples from two small
unnamed tributaries to Cold Creek or in samples taken from
three active ponds.

Ground-water samples were collected from 15 source wells
and 36 area wells (see Figures 4-2 and 4-3 and Tables 5-11 and
5-12). Except for expected high levels of carbon disulfide
(CS ) and carbon tetrachloride (CTC) in wells 0-29 and 0-31,
which are located just downgradient of the old CTC plant
wastewater treatment pond (see Figure 5-6), all other samples
showed essentially no detectable levels of priority
pollutants. Three other wells in the immediate vicinity of the

-6-
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old carbon tetrachloride plant WWT pond showed low levels (0.8
to 1.5 milligrams per liter, mg/1, which is equivalent to ppm)
of CTC. All well samples analyzed for site-specific compounds
showed non-detectable to very low levels, except for 6 rag/1
thiocyanate in well 0-79. which is just downgradient of the
Halby pond.

Conclusions

These ground-water results demonstrate conclusively that
the mercury found in the swamp soil is insoluble and not
leaching to the aquifer. Further, a review of well water
results shown in Figures 5-6 and 5-7 shows clearly that the
ground-water intercept system has been very effective in
capturing CTC and CS_.

The following major points can be made:

• Except for carbon tetrachloride found in source wells
immediately downgradient of the old carbon
tetrachloride plant WWT pond, essentially no priority
pollutants were found in any ground-water samples.

• Although mercury was found in swamp soil samples, it
is in an insoluble form as evidenced by its absence
in ground water (see Appendix XXV).

• With two minor exceptions, all source wells sampled
indicate thiocarbamates to be at very low levels
(less than 0.06 milligrams per liter and most under
0.01 mg/1).

• All area wells south (immediately downgradient) of
the property line contained less than 0.027 rag/1
thiocarbamates, less than 0.046 mg/1 CS , and less
than 0.018 mg/1 CTC. The one exception was NM-1.
just downgradient of the LeMoyne landfill (one mile
east of main facility), which contained 0.25 mg/1 of
CTC.

"7 —

2393G G361-740



3 10 00064
2. SITE FEATURES

2.1 Demography

As mentioned previously, the Cold Creek/LeMoyne site is
situated just to the east of U.S. Highway 43 and approximately
20 miles north of Mobile. Alabama. Interstate Highway 65 is
located 7 miles south of the site. The LeMoyne plant property,
which is south of the Cold Creek plant, extends eastward to the
Mobile River. The manufacturing facilities, however, are one
and one-half miles from the river.

The Cold Creek/LeMoyne complex, which encompasses
approximately 947 acres, is in an industrial area comprised
mainly of other chemical production plants. Courtaulds North
America, Inc. (CNA), which manufactures viscose rayon fiber, is
located directly south and borders the LeMoyne plant. Shell
Chemical Company (now duPont), an insecticide manufacturer, is
south of CNA. Virginia Chemicals, Inc. is north of the Cold
Creek plant, and M&T Chemicals is northwest. Alabama Power
operates a coal-fired electrical generating station further
north.

Very sparsely populated, rural communities are within a
few miles of the site. The largest residential areas are
Mt. Vernon, located approximately 8 miles to the north, and
Creola, which is approximately 5 miles to the south (see
Appendix VIII for map showing locations of nearby residences).

2.2 Land Use

The land in the immediate vicinity of the Cold
Creek/LeMoyne complex is used almost entirely by industrial
plants. In addition, some forest products are also harvested
in the area. Because of the natural swamp, no farming is done
in the area.

2-1
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2.3 Natural Resources

The major natural resource in the site area is the Mobile
River, which is located one and one-half miles to the east of
the main plant facilities. At its closest point to the site,
the river is approximately 500 feet wide and has a mean depth
of 28 feet. Minimum flow, which is exceeded 99% of the time,
is 4.800 cubic feet per second representing 3.1 billion gallons
per day. Further information regarding the Mobile River can be
found in the publication entitled "Water Resources of the
Mobile Area, Alabama," which is included in Appendix XIV. The
river, which flows south discharging into the Gulf of Mexico,
is mainly used for barge transportation.

Some oil wells have been drilled 5 to 10 miles south of
the site, but no oil has been discovered within the site area.
Some cypress trees and pulpwood are harvested on the east side
of the Mobile River.

2.4 Climatology

The climate in the site area is temperate, bordering on
subtropical. The mean annual temperature is 67.6 degrees
Farenheit. July is the hottest month, and January is the
coldest month. Winters are usually short and mild with only a
few days with temperatures below freezing. The summers are
usually hot and humid. Average annual rainfall is 63.6 inches
and is evenly distributed throughout the year. Average monthly
temperature and rainfall data are presented in Table 2-1
(Hickman and Owens, 1978). Heavy rainfalls are common in the
area, and a summary of data on rainfall intensity is given in
Appendix IX (Stauffer interoffice correspondence. Bill Erdmann
to Bill Cawthra dated 9/26/78).

2-2
2343G G361-740



3 10 0 0 0 6 6

TABLE 2-1
TEMPERATURE AND RAINFALL DATA

(recorded 1951-1975 at Mobile, Alabama/

Month
Average

Temperature (°F)
Average

Rainfall (In.)

January
February
March
April
May
June
July
August
September
October
November
December

51.6
54.0
59.9
67.9
75.0
80.4
82.1
81.7
77.9
66.9
58.7
53.4

4.39
5.13
6.12
5.18
4.63
5.34
7.80
6.89
6.52
2.51
3.30
5.77

YEARLY 67.6 63.58

2-3
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1. INTRODUCTION

1.1 Objectives

Two adjacent sites in Mobile County. Alabama, formerly
owned by Stauffer Chemical Company, were placed on the National
Priorities List (NPL) by the Environmental Protection Agency
(EPA) in 1982 under provisions of the Comprehensive
Environmental Response. Compensation, and Liability Act of 1980
(CERCLA). As a result. Camp Dresser and McKee. Inc. (CDM),
under contract to the EPA. conducted preliminary sampling at
the site in May of 1985 and prepared a Work Plan, which is the
basis for this Remedial Investigation (RI).

Based on the sampling results and previous investigations
both onsite and offsite. CDM concluded that there was possible
ground-water contamination, primarily mercury, carbon
tetrachloride, carbon disulfide, and thiocarbamates, at the
site. Furthermore. CDM suggested that some contaminants were
moving offsite towards production wells at a facility south of
the site. Possible major sources of contamination were
identified. The purpose of this Remedial Investigation is to
characterize the type and extent of contamination; to identify
contamination sources, migration pathways and the potential for
adverse environmental impacts; and to provide a basis for
evaluation of the most cost-effective remedial action
alternatives.

1.2 Site Background Information

1.2.1 Site Location and Description

Stauffer Chemical Company previously owned and operated
two adjacent facilities in Mobile County, Alabama. The LeMoyne
plant, purchased by Akzo Cheraie America, Inc. in 1987. has
been in operation since 1953 and manufactures multi-product
inorganic chemicals, including carbon disulfide, carbon
tetrachloride, sulfuric acid, chlorine and Crystex (a

l-i
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proprietary sulfur compound). The Cold Creek plant
manufactures agricultural herbicides and pesticides, including
several thiocarbamates. The Cold Creek plant has been in
operation since 1966 and is currently owned by ICI Americas,
Inc. (ICIA).

In the past, the Halby Chemical Company (HCC) leased a
small parcel of land on the western portion of the site.
Little is known of this operation, however, other than that
waste products and effluents from the facility were held in a
pond on the property. The pond has been closed and filled.

The Cold Creek/LeMoyne site ("the site") occupies 947
acres between the Mobile River and U.S. Highway 43,
approximately 20 miles north of Mobile. Alabama (see
Figure 1-1). The site is bounded by Virginia Chemicals, Inc.
(VCI) to the north. Courtaulds North America (CNA). another
chemical company, to the south, the Mobile River to the east,
and Route 43 to the west. M&T Chemicals is located immediately
to the west of Route 43. VCI produces sulfur dioxide, amines,
sodium hydrosulfite. sodium bisulfite, and tetramethylfuran
disulfide. CNA consists of a viscose rayon fiber processing
plant and nylon spinning operation. M&T Chemicals is an
organotin compound manufacturing plant.

The site is situated in a predominantly industrial area,
but several sparsely populated rural communities are located
within a few miles of the site. Maximum relief at the site is
on the order of 30 feet. The Cold Creek Swamp lies between the
plant facilities at the site and the Mobile River, and flows to
the northeast and then east to discharge into the river.
Surface-water drainage on site is generally toward the swamp or
the river, and is governed by a drainage divide between the
two. The Mobile River flows to the south and discharges into
the Gulf of Mexico.

The majority of the chemical plants as well as the local
communities in the area obtain water supplied from the water-
table aquifer. As shown in Figure 1-2. the Cold Creek facility
has one drinking-water well (CC-12) and one backup well

1-2
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Figure 1-1 Approximate Location of the Cold Creek/LeMoyne Site
Mobile County. Alabama
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(CC-ll), which serve 250 employees. The LeMoyne facility has
two drinking-water wells (LM-7 and LM-10), which provide water
for 230 employees. The CNA facility to the south has one
drinking-water well (CNA-16) and a backup well (CNA-4). which
provide drinking water to 750 employees. MS.T Chemicals,
located northwest of the site, also utilizes well water as a
drinking-water source for its 200 employees. The total
population served by industrial drinking-water supply wells
within a two-mile radius of the site is 1.585 people.

As shown in Figure 1-3. a total of approximately 21
residential water wells are located within a two-mile radius of
the site. Seventeen of these wells are located more than 1 1/2
miles west of the site. One well is.located 2 miles due south
of the site, and another is located 2 miles north of the site.
The remaining 2 wells are located 1 mile southwest of the
site. The total population served by residential
drinking-water supply wells within a two-mile radius of the
site, assuming 4 persons per home, is 84. The other residences
located within two miles of the site are served by municipal
water. The population within a two-mile radius of the site is
not located downgradient to ground-water movement.

1.2.2 Site Use History

For approximately 20 years after initiation of operations
at the Cold Creek/LeMoyne site, industrial waste products
resulting from the Stauffer processes were disposed of in
unlined surface disposal sites. From 1965 to 1974, solid waste
from the LeMoyne plant was placed in an unlined landfill
approximately one mile east of the plant. Between 11,000 and
12,000 tons of brine muds were placed in this landfill along
with plant refuse, used samples, and some absorption oil (see
Appendix XXIX for information contained in the Eckhardt Survey,
which lists the substances stored in this landfill).
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Two waste disposal sites, referred to as the north and

south landfills, are located on the Cold Creek plant property.
The exact quantity of material placed in the landfills is not
known; however, sludges and solid wastes containing a variety
of herbicides and pesticides are thought to have been buried in
these two landfills. The LeMoyne and the two Cold Creek
landfills were closed and capped with liners in 1974.

Wastewaters from the Stauffer processes were held in
clay-lined lagoons and discharged to the Cold Creek Swamp. As
shown in Figure ES-1. there are currently six closed or
inactive wastewater ponds and seven active ponds. The seven
active ponds, LeMoyne LeCreek, Cold Creek LeCreek, the new
carbon tetrachloride plant wastewater treatment (WWT) pond, the
ground-water treatment pond, the LeMoyne acid plant WWT (solids
settling) pond, and the north and south chlorine plant
wastewater check ponds, are all membrane-lined and monitored
regularly. Of the six inactive wastewater treatment ponds,
four (old carbon disulfide plant WWT pond, old chlorine plant
WWT pond, Halby treatment pond, and Cold Creek old
neutralization pond) are closed and covered. The old carbon
tetrachloride plant WWT pond was lined and contains
approximately 1900 cubic yards of sulfur sludge; it is inactive
but not closed. The old brine mud pond is a lined pond used
for storage of brine muds from the chlorine plant. It was
originally a RCRA facility but has been delisted by the EPA;
closure is awaiting State approval. Two ponds on the site are
RCRA facilities (new brine mud pond and chlorine stormwater
surge pond) and meet current RCRA standards. Three fire water
storage and supply ponds are also located on the site.

Cold Cceek Swamp received effluent from the LeMoyne and
Cold Creek plants as well as from a previous tenant, the Halby
Chemical Company (HCC). The effluent from the LeMoyne plant
consisted of process waters from production units, containing
10 parts per million (ppm) of mercury. Neutralized waste brine
from the Cold Creek plant was also discharged to the swamp
during the late 1960's and early 1970's. The contribution from
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HCC was assumed to have been thiocyanate- contaminated
wastewater. The LeMoyne Swamp may have received surface-water
cunoff from the area of the LeMoyne landfill prior to its
closure in 1974.

A small parcel of land on the western portion of the Cold
Creek/LeMoyne site was leased from 1965 to 1979 to the Halby
Chemical Company (HCC). as noted above. Witco, Inc. purchased
the HCC facility in 1974, and continued to operate the plant
until approximately 1979, when the buildings were razed.
Although little is known of this operation, waste products and
effluents were reported to have been discharged to the Cold
Creek Swamp to the east and/or held in a pond on the property.
The Halby pond has since been closed and filled.

1.2.3 Previous Investigative and Remedial Activities at
the Site

During the late 1960's, Stauffer monitored their on-site
water-supply wells and CNA monitored their production wells for
chloride content. By 1971, ground-water monitoring results
indicated that chloride concentrations in the wells were
increasing, and the ground-water quality was deteriorating.

In October, 1972. an inventory shortage of approximately
10.000 gallons of carbon tetrachloride (CTC) was discovered at
the LeMoyne facility storage area. All of the CTC is assumed
to have seeped into the ground. Although the CTC storage tank
was not diked, a short retainer wall separated it from a nearby
fire pond, which, therefore, was unlikely to have been affected
by the release (see Appendix XXII for maps of the LeMoyne plant
which show the location of the CTC storage area and the spill
area). None of the CTC could be recovered.

By early 1973, Stauffer determined that contaminants were
entering the ground water beneath the plant sites, and an
in-house task force was organized to evaluate the problem and
develop recommendations for remedial action. Twenty-one
ground-water monitoring wells were installed, and a
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swamp-sediment sampling program was initiated. The major
contaminants found in the ground water were thiocarbamates,
chlorides, and sulfur compounds. Mercury, most likely in the
insoluble mercury sulfide form (See Appendix XXV). was found in
the swamp sediment samples but not in the ground water. The
major sources of these contaminants were determined to be Cold
Creek Swamp, unlined wastewater holding and treatment ponds,
unlined waste-disposal sites containing drummed and uncontained
waste materials, process leaks and spills, and leachate from
contaminated soils. The predominant areas of ground-water
contamination were to the south and east of the site.

By late 1973. Stauffer had initiated contaminant source
cleanup activities. Drummed waste debris and sludges in the
disposal areas were consolidated and transported off site to
permitted hazardous-waste landfills. Liquids were decanted and
removed for treatment or off-site commercial disposal. The
disposal areas were permanently closed and capped with an
impermeable synthetic liner, clay, and soil. Ponds were
dewatered. filled, and replaced with lined ponds. Pursuant to
an NPDES permit, effluent flow from both facilities was treated
and discharged to the Mobile River instead of the swamp. Low-
lying areas were regraded with clean fill from construction
activities in order to control local flooding, and a stormwater
drainage control system was designed and constructed. These
source control and cleanup activities were completed in 1976.

In addition to the remedial activities described above, an
extensive ground-water monitoring program was initiated in
December of 1973. Ground-water monitoring continued, and by
late 1977, Stauffer concluded that ground-water quality along
the southern property boundary of the LeMoyne facility was
improving but at an unacceptable rate (see Appendix XX). In
addition, CNA reported continued contamination of two of their
wells, chloride and iron being the primary contaminants. In
response to continuing ground-water quality deterioration,
Stauffer installed seven new observation wells along the
southern property line of the LeMoyne facility.
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In December. 1977. leak detection systems for two

treatment and storage ponds on site indicated leakage through
pond liners. These two treatment and storage ponds were
subsequently repaired. In 1978. Stauffer dewatered and capped
an old mercury sulfide WWT pond and a WWT pond in the carbon
disulfide plant area.

In 1978, Stauffer contracted with Ground Water Associates.
Inc. (GWA) to perform a hydrogeological investigation of
ground-water contamination at the LeMoyne facility. During
September of that year, GWA collected water samples from 32
wells and analyzed the samples for carbon tetrachloride and
carbon disulfide contamination. The results are shown in
Figures 1-4 through 1-10, respectively. Based on the
analytical results and the results of pump tests, it was
concluded that three intercept wells, each pumping a maximum of
500 gallons per minute (gpm). would be required to intercept
the bulk of the contaminated ground water. GWA used a
numerical model to represent the aquifer system, including the
proposed intercept wells. The resultant contour map of the
regional piezoraetric surface is shown in Figure 1-11. GWA
concluded that "this map indicates that it is not likely that
any contamination from the Stauffer property will migrate
further than CNA's wells Nos. 5. 6 and 10. Some contamination
[present prior to installation of the intercept wells] will
probably reach these wells, however, and samples of their water
should be periodically analyzed for traces of carbon
tetrachloride and carbon disulfide".

The three interceptor wells were installed in late 1980
along with an air stripping treatment system approved by the
Alabama Hater Improvement Commission (AWIC). which is now the
Alabama Department of Environmental Management (ADEM). Since
that time, the levels of ground-water contamination have been
substantially reduced, as shown in Figure 1-12, and treated
effluent concentrations have continuously met discharge permit
limits established by the ADEM (see Appendices XXIII and XXIV).
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At the request of the Alabama Department of Public Health

(ADPH), Stauffer installed seven new monitoring wells around
the two closed Cold Creek landfills in 1980. Early in 1981,
the leaking treatment and storage ponds at the LeMoyne facility
were repaired.

In 1982. the ADPH. in conjunction with the U.S.
Environmental Protection Agency (EPA). conducted an on-site
assessment of the Cold Creek and LeMoyne facilities. Analyses
of ground-water samples collected during the assessment
identified ground-water contamination on the plant sites and at
the CNA well that was sampled. The primary contaminants
detected were metals, chlorides, carbon tetrachloride and
miscellaneous organic compounds. As a result, the Stauffer
sites were added to the National Priorities List (NPL) by the
EPA under the mandate of the Comprehensive Environmental
Response. Compensation, and Liability Act of 1980 (CERCLA),
also known as Superfund. The Cold Creek site was ranked number
204 and the LeMoyne site number 467 on the NPL. To date, there
has been no extraordinary public interest in the sites.

Camp Dresser and McKee. Inc. (CDM). under contract to the
EPA, conducted preliminary sampling at the site in May of 1985
and prepared a Work Plan for performance of a Remedial
Investigation/Feasibility Study (RI/FS) at the Cold
Creek/LeMoyne site. Stauffer performed the RI in 1986 and
submitted a draft RI Report in February of 1987. In response
to review and comments by the EPA. Stauffer commenced revision
of the report and submitted data dated July 1. 1987. ERT, A
Resource Engineering Company (ERT), was retained by Stauffer to
revise the RI Report in response to additional comments from
the EPA. Report revisions and responses to EPA comments have
been incorporated into this document.
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1.3 Remedial Investigation Summary

1.3.1 RI Objectives

The overall objectives of this Remedial Investigation were
to define all potential contamination sources and to identify-
the extent of any contamination migration and potential
transport pathways. Specific areas to be investigated included
the north and south Cold Creek landfills (see Figure 5-1), the
LeMoyne landfill (see Figure 5-1). nine ponds and lagoons (see
Figure 5-2), and the Cold Creek and LeMoyne Swamps (see
Figures 5-3 and 5-4 and Drawing 1.3 in Appendix XVII). The
extent of ground-water contamination was also determined. The
primary objective was to obtain enough additional data to
evaluate the success of past and current remedial actions and
to determine the need for further measures.

1.3.2 Source and Area Characterization

In order to accomplish the objectives outlined above, the
RI was divided into two major subtasks, source characterization
and area characterization. Source characterization included
the installation of 3-foot-deep soil borings at 34 locations in
the Cold Creek Swamp and at four locations in the LeMoyne
Swamp. Of these 38 composite samples. 7 were analyzed for
thiocarbamates, chlorides, and priority pollutants, and 31 were
analyzed for mercury only. A second, deeper sampling program
for mercury in the swamp was considered if interpretation of
the initial results indicated that it was necessary. Following
receipt of Stauffer's report of November 12, 1986. which
included supporting findings that the swamp recharges the
ground water (see Appendix XX). EPA agreed that the Phase II
sampling was not necessary.

Soil sampling was also performed under each of the nine
ponds and three landfills on site. Soil borings were installed
at 45-degree angles beneath the ponds and landfills and
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advanced to 50 feet or until ground water was encountered.
Composite samples were collected at 10-foot depth increments
and analyzed for location-specific compounds and priority
pollutants. A total of twelve soil borings were installed
under the three landfills, and a total of eighteen soil borings
were installed under the nine ponds. Water samples were
collected from three active ponds and analyzed for priority
pollutants. Samples of the liner membrane material covering
the landfills were taken and tested for integrity. In
addition, fish samples from five locations in the Cold Creek
Swamp were collected and analyzed for mercury. Source
characterization was completed with the installation and
sampling of two new ground-water monitoring wells and sampling
of thirteen existing wells. All fifteen well samples were
analyzed for priority pollutants; three Of the fifteen samples
were also analyzed for site-specific compounds.

Area characterization involved sampling 36 site-area wells
for location-specific compounds. Seven of the 36 samples were
analyzed for priority pollutants. In addition, two
surface-water samples and two soil samples were collected
offsite to determine background concentrations of the compounds
of concern.

All the samples were collected between May and
August. 1986 by Stauffer's Research personnel working with a
Stauffer geologist and representatives of the EPA and EPA's
contractor. Sampling, field quality assurance, chain of
custody procedures, and all analytical methodology were
submitted to the EPA on August 9. 1985 in Stauffer's Sampling
and Analysis Manual, which was approved for use by the EPA.

All laboratory analyses were performed by Environmental
Testing and Certification. Inc. (ETC). The data were reviewed
and compiled by Stauffer Research. The complete laboratory
data packages are included in Appendices I through V. A
discussion of sampling, analysis, quality assurance and quality
control is presented in Appendix VI.
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In the discussion of quality assurance in Appendix VI, it

is concluded that four common laboratory contaminants,
methylene chloride, toluene, bis (2-ethylhexyl) phthalate and
di-n-butylphthalate, which were reported in many samples near
or below their detection limit, should be considered invalid
because they were found in one or more blanks at concentrations
near or below the method detection limits. Also considered
suspect are samples reportedly containing levels near the
detection limits of chloroform, trichloroethylene. cyanide,
copper and zinc because they were also found at similar levels
in field blank samples. For these reasons, all analytical
results considered invalid or suspect are reported as non
detectable throughout this report. As previously mentioned,
nevertheless, all of the analytical results are included in
Appendices I through V.

Results of the soil, biota, surface-water, and ground-
water sampling and analysis conducted during the RI are
summarized in Tables 1-1 through 1-3. Only those compounds
detected are included in these tables.

The following is a list of tests and/or samples either not
taken or relocated, and the reason for the deletion or move
(see Figures 5-1 and 5-2 for location).

1. Phase II swamp sampling was not conducted because of
decision by EPA to omit as unnecessary.

2. Relocated soil boring MTP 2-S to southeast corner of
covered pond because of proximity to high voltage
power lines.

3. OCTC-1S moved to west end of WWT pond to minimize
damage to dike.

4. Reversed locations of OCTC-2S and OCS-1S to avoid
potential damage to pond banks and covers.
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! b iniii<>*llî iiilliiliiiliiiiiiiiiiiiiiiiiiiiiiiiiii
I « F* I

1111111 111
aiS i mini in

ri-

88^SR? ==28 ' S9 g « fl§8Ss» 8888 SI Is § S 8

s -*
X

i
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3 10 00093
5. Relocated NLF-1S to west side of north landfill to

avoid high voltage power lines.

6. Relocated SLF-1S to east side of south landfill
because pipe racks prevented access from south.

7. Relocated SLF-2S to west side of south landfill
because fire pump house blocked access from north.

8. CCAP-1S placed at southwest corner and oriented to
northeast because of equipment access problem.

9. CCAP-2S shifted to east to cover other end of pond.

10. CCLP-2S moved to east end of north side oriented to
south because of equipment access problems.

11. CCLP-1S shifted to south end of west side oriented to
the east to cover other end of pond.

12. HTP-1S was stopped at 16.5 feet because recognizable
waste material was encountered.

13. Additional boring. HTP-3S. was drilled approximately
20 feet east of northwest corner of former pond area
to 45° angle oriented to south in order to obtain
samples beneath pond.

14. Dye test was not necessary because the shallow wells,
when installed, were dry.

15. Well 0-41. which is located approximately 10 feet
south of well 0-40. was sampled instead of 0-40
because a crimp in the casing of 0-40 prevented this
well from being sampled.
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1.4 Report Overview

The balance of this Remedial Investigation Report
generally follows the format as suggested by EPA in their
guidance document dated June, 1985.

Chapter 1 provides information regarding site background,
the nature and extent of contamination, previous investigative
and remedial activities, and a summary of the RI site
investigation program.

Chapter 2 provides information on population density and
distribution, land use, natural resources, and climate.

Chapter 3 provides information on the types of wastes
disposed of in the landfills, ponds and lagoons, and swamps on
site, as well as the toxicity and environmental behavior of the
waste components.

Chapter 4 describes the environmental setting of the site
and its surroundings. The surface characteristics, including
physiography, topography, and surface-water drainage, are
described as are the subsurface features such as the soils,
geology, and ground-water flow system.

Chapter 5 describes and presents summarized results of the
RI sampling and analysis program, which involved source and
area characterization. Soil, surface-water, ground-water, and
biota results are presented. Complete laboratory analysis
results can be found in Appendices I through V.

Chapter 6 deals with the public health and environmental
concerns associated with the site. Contaminant migration
pathways, potential receptors, and potential impacts on public
health and the environment are discussed.

Chapter 7 describes the remedial action alternatives
selected for preliminary assessment in the Feasibility Study
and the remedial alternative screening process.

Finally, Chapter 8 provides a summary of the RI findings
and conclusions.

1-28
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As noted in the Draft RI Report, the Air Investigation

(Chapter 6 of the Draft RI Report), was essentially eliminated
because air testing was not as relevant and was not included in
the EPA contracted Work Plan. For this reason. Chapter 6 of
the Draft RI Report is not included in this document. In
addition. Chapter 8 of the Draft Report, entitled Bench and
Pilot Tests, has been included as an appendix to this report
(Appendix XXIII). This appendix contains a discussion of the
current ground-water intercept system, including operation of
the interceptor wells and treatment ponds.
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3. HAZARDOUS SUBSTANCES CHARACTERIZATION

3.1 Waste Types

The site contains three known closed landfills, six closed
oc inactive wastewatec ponds (five of which were investigated
during the RI), seven active ponds (four of which were
investigated during the RI). and two swamps. All of these
areas are identified on the site map. Figure ES-1. Detailed
graphic depictions of many of these areas are included in
Appendix XXVI.

3.1.1 Landfills

The LeMoyne landfill contains approximately 11.000 to
12.000 tons of brine mud from chlor-alkali production along
with absorption oil and plant refuse (see Appendix XXIX). The
landfill was never used foe burning materials, although trash
fires occasionally broke out and spread beyond the landfill.
The area adjacent to and east of the landfill was used to store
acid brick and fire brick, blasting sand, and raw sulfur
recovered from leaks which occurred along the sulfur transport
line from the Mobile River to the plant. The sparseness of
vegetation in the area east of the LeMoyne landfill is related
to the presence of sandy soil in this area and. to a lesser
extent, to the former storage of sulfur. It is unlikely that
retort tower refuse is related to the lack of vegetation in
this area, because retort tower refuse was stored within the
boundaries of the landfill proper.

The Cold Creek plant landfills, designated north and south
landfills, contain the following solid waste:

• Water treatment plant sludge,
• Used sandblast grit,
• Generator coke,
• Incinerator ash, and
• Filter aid waste.

3-1
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The filter aid waste is the only material from the above list
that would contain pesticides. Analytical data have shown that
the total pesticide content typically found in this material is
approximately 10 ppra. There could also be some solvents and
other organic compounds in the filter aid waste.

Although drummed liquids were temporarily placed in the
Cold Creek landfills, they were removed prior to closure. It
is possible, however, that leakage or spillage of pesticides
may have occurred during the period the drums were in the area.

These three landfills were closed in 1974. A 20 mil
plastic membrane was placed on top and along the sides of the
landfills to a depth just below the bottom of the buried
waste. A 12-inch layer of compacted clay topped by clean soil
was added (see Appendix XXVI for graphic depictions of the
landfills). Section 5.1.1 describes the soil sampling around
the landfills, and subsequent sections describe the
ground-water sampling results.

3.1.2 Ponds and Lagoons

Three of the active ponds, LeMoyne LeCreek. Cold Creek
LeCreek, and the new carbon tetrachloride plant WWT pond, are
membrane lined and used for wastewater treatment under NPDES
permits. The fourth active pond, the acid plant WWT pond, is
also membrane lined. All four active ponds are monitored
regularly. Of the six inactive wastewater treatment ponds,
four (old carbon disulfide plant WWT pond, old chlorine plant
WWT pond, Halby Pond, and Cold Creek's old neutralization pond)
are closed and covered (see Appendix XXVI). The old chlorine
plant WWT pond was clay lined and is now filled with excavation
material from the plant and fill from the plant borrow pit.
The old carbon tetrachloride plant WWT pond was lined and
contains approximately 1900 cubic yards of sulfur sludge. It
is inactive but not closed. Section 5.1.2 describes the soil
sampling around these ponds, and subsequent sections describe
the surface-water and ground-water sampling program results.
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3.1.3 Cold Creek and LeMoyne Swamps

The Cold Creek Swamp had received effluent from the
LeMoyne and Cold Creek plants as well as from a plant owned by
a previous tenant, the Halby Chemical Company (HCC). The
effluent from the LeMoyne plant consisted of process waters
from production units, containing 10 parts per million of
mercury. Strong evidence indicates that the mercury present in
the swamp is insoluble and immobile, and is therefore present
as a sulfide. (See Appendix XXV for a detailed explanation of
why the mercury in the swamp is in the form of mercury
sulfide.) Neutralized waste brine from the Cold Creek plant
was also discharged to the swamp during the late 1960's and
early 1970's. The contribution from the HCC was presumably
thiocyanate-contaminated wastewater.

The LeMoyne Swamp may have received surface-water runoff
from the area of the LeMoyne landfill prior to its closure.
Section 5.1.3 describes the soil sampling around these swamps,
and subsequent sections describe the ground-water sampling
results.

3.2 Waste Component Characteristics and Behavior

The major waste components found during the RI site
investigation were mercury, carbon tetrachloride. carbon
disulfide, cyanide (one isolated sample), thiocyanate, and six
thiocarbaraates (EPTC, butylate, vernolate, pebulate. molinate
and cycloate). A few other heavy metals were found in soil
samples, but their concentrations were in the range commonly
found in natural soil or slightly higher. These data, as well
as other laboratory analyses of environmental media, are
contained in Tables 1-1. 1-2, and 1-3, which are included in
Section 1.3.

The environmental behavior and toxicity assessment of each
of the major waste components are described in the following
sections. Appendix XIX provides some empirical toxicity
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information for each major waste component; in addition the
Endangerraent Assessment (separate report) contains detailed
toxicological profiles.

3.2.1 Mercury

3.2.1.1 Environmental Behavior

The major removal mechanism of mercury from natural water
systems is adsorption onto the surfaces of particulate phases
and subsequent settling to the bed sediment. According to the
EPA (1979). the overwhelming majority of any dissolved mercury
is removed in this manner within a relatively short time,
usually in the immediate vicinity of the source.

Photolysis seems to be significant in the chemical
speciation of mercury in the atmosphere and perhaps in the
aquatic environment. Because of the limited amount of
information available regarding this process, however, it is
not clear what impact it may have on the overall fate of
mercury in the aquatic environment. Because of its uniquely
high vapor pressure relative to other metals, metallic mercury
can enter the atmosphere from the aquatic environment in the
form of several different gaseous compounds. This factor makes
volatilization important for the aquatic fate of mercury. It
is not clear what impact volatilization will have on the
overall fate of mercury in the aquatic environment, however,
because of the limited quantitative data available regarding
the volatilization of mercury compounds from natural waters.

EPA's (1979) review of environmental studies and
theoretical considerations indicates that mercury adsorption
onto sediments is probably the most important process in
determining the fate of mercury in the aquatic environment.
Carr and Wilkness (1972) found that radioactive mercury, when
added to natural samples, was rapidly apportioned out of the
particulate phases with half-lives for adsorption ranging from
less than one to fifty hours. Ramamoorthy and Rust (1976)
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conducted laboratory studies on mercury sorption and found that
sorption rates were highest in organic-rich sands, that
sediment binding capacity was most closely related to organic
content, and that mercury sorption was little affected by pH.
In their study of mercury adsorption on and desorption from
sediments, Reimers and Krenkel (1974) found that, at a constant
pH, the adsorption of inorganic mercury is affected by aquatic
chloride concentration, with the percent loss in capacity
depending upon the constituents of the sediment. They also
found that inorganic mercury is bound strongly enough by
sediments to be transported by sedimentary mobilization.

Because of the concern regarding the danger to hu:.an
health from eating mercury-contaminated fish, the
bioaccumulation of mercury in the aquatic environment has been
well studied. Methyl mercury is the form of mercury present in
most fish tissue, and it is the most readily accumulated and
retained form of mercury in aquatic biota. Methyl mercury is
readily accumulated by fish both from their food and through
water, and is very difficult to eliminate after entering the
biological system. Most studies report that the half-life of
methyl mercury in aquatic organisms is between one and three
years.

As an element, mercury is not intrinsically altered by
chemical reaction, but it does take part in
biologically-mediated reactions which drastically alter its
mobility and toxicity. According to the EPA (1979), virtually
any mercurial compound can be microbially converted to methyl
mercury upon entering an aqueous system. Conditions reported
to enhance the methylation process include large amounts of
available mercury, large numbers of bacteria, absence of strong
complexing agents such as sulfide. circumneutral pH, high
temperature, and a moderately aerobic environment. (As
discussed in greater detail in Appendix XXV. conditions at the
Cold Creek/LeMoyne site did not favor the formation of methyl
mercury. Rather, conditions favored the precipitation of
insoluble mercury sulfide because of the presence of the strong
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coraplexing agent, sulfide.) Bacteria can act not only as
mediators of methylation. but can also preferentially
accumulate large amounts of mercury. Although sediment is
probably the most important sink for mercury, methylation by
bacteria could reduce the mercury content of overlying waters,
resulting in the mobilization of inorganic mercury from the
sediments. In summary, mercury can be metabolized by bacteria
to methyl and dimethyl forms which are quite mobile in the
environment.

3.2.1.2 Toxicity Assessment

Exposure to mercury in most forms is associated with a
high degree of toxicity. Chronic exposure to elemental
(metallic) mercury causes behavioral effects and other nervous
system damage. Inorganic mercury salts do not generally reach
the brain, but will produce kidney damage. Organic mercury
compounds are toxic because they can cross the blood-brain
barrier and produce nervous system disorders.

The metabolism, distribution, and excretion of mercury
depends largely on its chemical form. Preferential deposition
of elemental mercury vapor occurs in the lungs. Organic
mercury is efficiently absorbed by the gastrointestinal tract
based on its ability to traverse biological membranes. Both
elemental and organic mercury break down in the body to the
more toxic form, divalent mercury.

In a review of carcinogenic data for either inorganic
mercury or methyl mercury, the EPA (1984) noted that none of
the available data indicated "carcinogenic potential". The
federal maximum contaminant level (MCL) is 0.002 mg/1.

3-6
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3.2.2 Carbon Tetrachloride

3.2.2.1 Environmental Behavior

Volatilization is the major transport process for carbon
tetrachloride in aquatic systems because of its high vapor
pressure. There is little information specifically pertaining
to adsorption of carbon tetrachloride onto sediments.
McConnell et al. (1975) found that coarse gravel had little
adsorptive capacity for carbon tetrachloride. whereas sediments
rich in organic detritus had a much higher adsorptive
capacity. In general, however, there is no clear evidence of
selective concentration of carbon tetrachloride in sediments.

Neely et al. (1974) have shown that bioaccumulation is
directly related to the logarithm of the octanol/water
partition coefficient (log K ) of the compound. The log
K of carbon tetrachloride is 2.64. indicating a tendency
for this compound to bioaccumulate under conditions of constant
exposure. Pearson and McConnell (1975). found that although
carbon tetrachloride and other organochlorines examined are
somewhat lipophilic and tend to be found at higher
concentrations in fatty tissues, there is no evidence for the
biomagnification of carbon tetrachloride or other short-chain
aliphatics in the food chain. According to the EPA (1979).
however, the difficulties associated with the analytical
methods in the Pearson and McConnell (1975) study make
estimates of bioaccumulation based on their experimental
results somewhat unreliable.

There is little information specifically pertaining to
biodegradation of carbon tetrachloride. Thorn and Agg (1975)
have included carbon tetrachloride on a list of synthetic
organic chemicals which should be degradable by biological
sewage treatment methods provided suitable acclimatization can
be achieved. They note, however, that not many compounds on
the list occur free in nature, and. therefore, it is unlikely
that microorganisms already possess the ability to destroy them.
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3.2.2.2 Toxicity Assessment

The toxicity of carbon tetrachloride can be accounted for
because it is a fat-soluble, halogenated hydrocarbon.
Absorption of carbon tetrachloride through dermal and
inhalation routes is greater than through ingestion routes.
Again, because of carbon tetrachloride's fat-soluble nature, it
is readily absorbed through the skin. Distribution of carbon
tetrachloride is body-wide with the highest concentrations
found in fat tissues, livef, bone marrow, and blood (EPA,
1984a). Carbon tetrachloride is metabolized into chloroform
and a trichloromethyl radical in the liver.

The EPA (1984b) noted that, although the majority of
several mutaginecity assays were negative, there was evidence
supporting the classification of carbon tetrachloride as a weak
mutagen.

Carbon tetrachloride is classified as a group "B2"
carcinogen in the EPA's weight-of-evidence ranking scheme
(SPHEM, 1986). This category indicates that there is
sufficient evidence for causing liver cancer in animals but
that the corresponding human data is inadequate. The federal
MCL, for an incremental increased lifetime cancer risk of 1 x
10~ , is 0.005 rag/1.

3.2.3 Carbon Disulfide

3.2.3.1 Environmental Behavior

Very little information is available regarding the
transport and fate of carbon disulfide. Nevertheless, data
regarding the physiochemical properties of carbon disulfide
(Verschueren, 1983) can be used to qualitatively assess the
processes that may be important in determining its fate.
Carbon disulfide has a relatively low boiling point and high
vapor pressure, indicating that it is very volatile. It has a
specific gravity of 1.263 and is therefore more dense than
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water. With a solubility of 2300 mg/1. it is very soluble in
water from an environmental perspective. The octanol-water
partition coefficient of carbon disulfide is in the range of
from 69 to 145, indicating that it is not readily adsorbed to
soils. Given this information, it is likely that
volatilization and ground-water mobility are significant
whereas adsorption is of lesser importance in terms of the
transport of carbon disulfide. The significance of photolysis,
hydrolysis, bioaccuraulation, and biotransformation cannot be
assessed with the information available from Verschueren (1983)
regarding the chemical and physical properties of carbon
disulfide.

3.2.3.2 Toxicity Assessment

Carbon disulfide is hazardous as a liquid and a vapor.
Although inhalation is the major route of toxic exposure,
exposure may be compounded by dermal absorption and ingestion.
Because of its fat solubility, carbon disulfide is reported to
be one of the strongest skin irritants known, causing third
degree burns within minutes (Spyker et al.. 1982). Skin
absorption may cause localized degeneration of peripheral
nerves, usually in the hands (Sittig, 1985). Inhalation of
carbon disulfide vapor may also cause respiratory irritation
and progress to bronchitis and emphysema. The primary
manifestations of acute and chronic carbon disulfide exposure
include pyscological, neurological, and cardiovascular
disorders.

Carbon disulfide has been demonstrated to produce
reproductive and teratogenic effects in animals when inhaled
(Bariliak et al.. 1975). Data on mutagenicity and
carcinogenicity were not available.
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3 . 2 . 4 Cyanides

3.2.4.1 Environmental Behavior

Cyanides are a diverse group of compounds whose fate in
the aquatic environment varies widely. The cyanide ion (Cn)
can react with a variety of metals to form insoluble metal
cyanides. If the cyanide ion is present in excess, complex
raetallocyanides may be formed. These compounds are quite
soluble and can be transported in solution. The fate of low
molecular weight organic cyanides (nitriles) is expected to
parallel the fate of hydrogen cyanide, a gas which may be
destroyed by biodegradation or removed from solution by
volatilization or adsorption.

The significance of photolysis on the aquatic fate of the
cyanides has not been investigated fully, although it is
possible that the photolysis of the raetallocyanides could
result in the release of cyanide ion (Broderius, 1977). EPA
(1979) notes that this process could be important in aquatic
environments downstream from metallocyanide discharges.
According to the EPA (1979). the hydrolysis of nitriles in the
aquatic environment is slow in most cases, and is probably not
competitive with other processes.

Cyanides are fairly mobile in the soil environment (Alesii
and Fuller, 1976). indicating that adsorption is probably not a
significant control on mobility in most aquatic environments
where sorbents (e.g., clays, biological solids, sediments) are
much less concentrated. Alesii and Fuller (1976) reported that
cyanide mobility is least where soils have a low pH, high
concentrations of free iron oxides and positively-charged
particles such as the clay minerals kaolin, chlorite, and
gibbsite. Cyanide mobility is greatest at high pH. high
concentrations of free calcium carbonate (high negative
charge), and low clay content. According to the EPA,
biological solids sorb cyanides, but. as with the other
sorbents, the amount bound is probably insignificant in
comparison to the amounts volatilized or biodegraded.
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Broderius (1973) reported the bioaccumulation of metal

(copper and silver) cyanide complexes in fish. According to
the EPA (1979), it is difficult to assess the environmental
importance of metal cyanide bioaccuraulation other than to note
that the metal cyanides are generally less toxic than hydrogen
cyanide. Nevertheless, bioaccumulation undoubtedly enhances
the chronic toxic effects of the metal cyanides.

Although biodegradation of cyanides is known to occur in
natural waters, the rates of cyanide biodegradation have not
yet been ascertained". According to the EPA (1979), the
importance of this process varies according to such factors as
cyanide concentrations, pH, temperature, microbe concentration
and acclimatization to cyanide, and the availability of
nutrients.

3.2.4.2 Toxicity Assessment

The term "cyanides" encompasses those inorganic or organic
compounds which contain the CN~ group. Examples include
cyanide ions that form complexes with metals, cyanates that
contain the OCN~ radical, alkyl cyanates that triraerize to
cyanurates, nitriles, and cyanohydrins. The toxicity of many
of these substances is related to subsequent release of
hydrogen cyanide (HCN) or the CN~ radical. These components
can be released as a result of photodecomposition, ionization,
or dissociation (Dourdoroff et a_l. , 1966; EPA. 1980).

Cyanides are readily absorbed through the lungs,
gastrointestinal tract and skin. Death from acute cyanide
poisoning is the result of "cytotoxic anoxia", or cellular
asphyxiation. It is one of the most rapidly acting toxins
known to humans (Oilman et al.. 1980).

The detoxification of cyanide in humans is extremely
efficient (Klaassen e_t aJL... 1986), and therefore, chronic toxic
effects of cyanides are rare. Many chronic studies have been
performed in rodents and dogs, all with negative findings (EPA.
1980; EPA. 1985). There are. however, conflicting data
regarding the teratogenicity of cyanides.
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The Carcinogen Assessment Group of the EPA has not

evaluated the carcinogencity of cyanide because there is a lack
of human and animal carcinogenicity data. The EPA. therefore,
has designated it as a group "D" - Not Classified Chemical.

3.2.5 Thiocarbamates

3.2.5.1 Environmental Behavior

Very little information is available regarding the
transport and fate of the individual thiocarbamate compounds.
or the thiocarbamate compounds as a class. Nevertheless, data
from the Handbook of Environmental Data on Organic Chemicals
(1983) regarding the physiochemical properties of the
thiocarbamates have been used in this report to qualitatively
assess the processes that may be important in determining their
fate. In addition, the limited amount of information available
regarding the known properties of the individual compounds is
reported here.

In general, the thiocarbamates have relatively low to
moderate boiling points and moderate vapor pressures,
indicating that they are somewhat volatile. Their aqueous
solubilities range from 30 to 370 ppm, which indicates that
they are soluble to very soluble in water. Given this
information, it is likely that ground-water mobility is a
significant factor in the fate and transport of the
thiocarbamates. Because octanol-water partition coefficients
were not available for these compounds, the importance of
adsorption and bioaccuraulation could not be assessed. In
addition, the significance of photolysis, hydrolysis, and
biotransformation cannot be assessed with the information
available from Verschueren (1983).

Limited information regarding the fate of S-ethyl
dipropylthiocarbamate (EPTC) and molinate was available in the
Handbook of Environmental Data on Organic Chemicals (1983).
Verschueren reports a 75% to 100% disappearance of EPTC from
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soils in four weeks time as the result of "aquatic reactions".
According to Verschueren, molinate added to tapwater decreased
over a fourteen-day holding period to 40% based on recovery of

14 14isotopic carbon ( C). The loss of C was attributed
primarily to volatilization. The five major organosoluble
metabolites in the tapwater were molinate sulfoxide. 3- and
4-hydroxymolinate. 4-ketoraolinate. and ketohexamethylene-imine.
In addition. Verschueren (1983) reports that two kinds of
microorganisms isolated from garden soils and rice-field drains
degraded molinate completely into various hydroxy and oxidized
products. Thus, it has been shown that volatilization and
biodegradation are significant in terms of the fate and
transport of at least one thiocarbamate.

3.2.5.2 Toxicity Assessment

The thiocarbamates are a class of compounds with multiple
uses. The bioloical activity and corresponding toxicity of
these compounds varies greatly and is contingent upon
structure. In general, however, the thiocarbamates act upon
specific biochemical components of the nervous system. They
inhibit the neurotransmitter enzyme, cholinesterase. Lethal
doses that effect 50% of the exposed animal population,
referred to as the LD , range from 500 rag/kg to 4000 mg/kg
(Gosselin et al.. 1984). The wide range of reported LD5Q's
may be due to the varying extent of cholinesterase inhibition
by the different compounds.

Several chronic exposure studies (Stauffer Chemical data)
using cycloate and molinate revealed that no neurotoxicity was
observed at low doses in rodents or in higher doses in
chickens. At raid-to-higher doses, chronic exposure to EPTC in
rats revealed peripheral nerve and spinal cord damage. In a
rat teratology study, no teratogenic effects were noted at any
dosage for butylate. cycloate. EPTC. or molinate. Empirical
data for the thiocarbamates are contained in Appendix XIX, and
a review of the Stauffer Chemical studies and other pertinent
literature is presented in the Endangerment Assessment.
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3.2.6 Thiocyanate

3.2.6.1 Environmental Behavior

There is virtually no information available regarding the
fate and transport of thiocyanates. According to the EPA
(1979), thiocyanates (SCN~ radical) are formed from cyanides
and sulfur-containing materials, and are more stable than
cyanates (OCN~ radical). Solutions of thiocyanates form free
hydrogen cyanide in acidic media.

3.2.6.2 Toxicity Assessment

The toxicity of the organic thiocyanates appears to be
dependent upon the length of the aliphatic side chain. Methyl.
ethyl and isopropyl thiocyanates and Lethane 384 are potent and
rapidly acting poisons (Gosselin et al.. 1984). The mean
lethal dose of methyl thiocyanate fed to rats is less than
20 mg/kg (von Oettinger et al.. 1936). Effects produced by
these compounds include central nervous system depression with
a transient period of respiratory stimulation. This may
progress to death due to respiratory failure (Gosselin et al.,
1984). It is known that liver enzymes liberate cyanide from
these thiocyantes (von Oettinger et al.. 1936), and this is
probably the cause of poisoning. Butyl thiocyanate (and higher
homologues) do not liberate significant amounts of cyanide in
vivo (Ohkawa et al.. 1973; von Oettingen et al.. 1939). The
mechanism for toxicity is not Known for the higher thiocyanates.
All thiocyanate derivatives can cause primary irritation to the
skin and eyes. Undiluted solutions may produce severe
cutaneous reactions (Cameron et al.. 1939).
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4.1 Physiography and Topography

The Cold Creek/LeMoyne site is located in the Piney
Meadows physiographic province, which borders the Mobile River
from central Mobile County down to and along the Gulf Coast of
Alabama. In the site area, the province is twelve miles wide
and is developed on late Pleistocene river terraces and
present-day flood-plain deposits. These deposits are
superimposed on. and entrenched into underlying Miocene
deposits consisting of sands and clays, with the latter
predominating toward the south in Mobile County.

Surface elevations range from highs of approximately 45
feet to lows of less than 10 feet in marshy areas within
one-half mile of the Mobile River. Most of the area containing
plant facilities (about 1 1/2 miles west of the river) is at an
elevation of between 30 and 40 feet.

4.2 Surface Water

Natural drainage from several hundred acres of land,
including the western part of the LeMoyne plant property, a
portion of the north central part of the adjacent CNA property,
and a part of the adjacent Route 43 right-of-way, forms an
unnamed stream that flows in an easterly direction south of the
LeMoyne plant area. This stream then turns northward and flows
generally north-northwest through a 20-acre area of the Cold
Creek Swamp. Flow from the marsh area joins Cold Creek, which
flows northeasterly and then easterly to discharge into the
Mobile River more than a mile upstream from the eastern
extension of the LeMoyne plant property.

Generally, the potential for flooding in the site area is
considered minimal. Although high-intensity rain storms
(greater than two inches per hour) are not uncommon, they
generally do not last for significant lengths of time. Based
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on current flood insurance rate maps, the 100-year flood zone
within the site area (Zone A8 in Figure 4-1) is confined to the
eastern-most section of the LeMoyne plant property adjacent to
the Mobile River. The approximate area covered by the 100-year
flood plain in this part of the site is 55 acres. The zone of
influence of the 500-year flood plain (Zone B) is only slightly
larger (narrow band) than that of the 100-year flood plain.
The closed LeMoyne landfill is approximately 500 feet west of
and not within the flood plain.

An extension of the present flood plain also occurs north
of the site along the lower portions of Cold Creek and portions
of the Cold Creek Swamp. The combined 100- and 500-year
flood-plain areas are indicated as an approximate 800-foot wide
band along the section of Cold Creek which flows in a
northeasterly direction, with the flood plain broadening where
Cold Creek begins its east-southeasterly direction of flow.
The flood plain falls within but does not completely encompass
the Cold Creek Swamp (see Figure 10-1 in Appendix X) and does
not extend southward toward the site along the swamp area which
is associated with the unnamed stream. The majority of the
site, i.e., all portions of the site and surrounding properties
not within the 100- or 500-year flood areas, are classified as
Zone C, or areas considered as having a minimal flooding
potential.

4.3 Soils

The soils encountered at the site are loamy clays with
loamy clayey subsoils. Locally, poorly drained areas of
organic material and mucky clays occur. The major soil type
identified by the Soil Conservation Service is the
Izagora-Anneraaine Association with gentle to moderate
undulations.

4-2
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4.4 Geology

4.4.1 Regional Geologic Setting

The site is physiographically located within the Southern
Pine Hills Section (Piney Meadows subsection) of the East Gulf
Coastal Plain Physiographic Province. The generalized geology
of the coastal plain region includes several types of Mesozoic
and Cenozoic-age sedimentary rocks that occur in narrow
northwest-southeast-trending bands which dip gently southward
at approximately 20 to 40 feet per mile. Within the Southern
Pine Hills Section of the coastal plain, the underlying
sedimentary units are overlain by Miocene estuarine deposits
consisting of interbedded sands and clays, and in some areas
the younger Pliocene Citronelle Formation which generally
consists of sand and gravel (Geological Survey of Alabama,
1968, 1971). These deposits are in many areas overlain and
incised by younger Pleistocene- and Holocene-age alluvial
deposits, deposition occurring from long-term sedimentation
from several north-south trending streams and rivers.

4.4.2 Site Geology

The site is underlain by low river terrace and alluvial
deposits that are approximately 110 to 130 feet thick. These
deposits thin to approximately 60 feet adjacent to the Mobile
River, which is located approximately one and one-half miles
east of the central plant area. The deposits consist of
generally clean, unconsolidated, fine- to very coarse-grained
sands that contain some interbedded, discontinuous clayey seams
as well as some gravelly zones. Table 4-1 summarizes the
stratigraphic column in the site area. The upper sands,
varying in thickness from 0 to 50 feet, consist of fine- to
medium-grained sands, fine-grained sandy silts, silty clays,
and clays. The upper sands have moderate to low permeability.
The lowermost sands, situated generally between 80 feet below

4-4
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3 10 00114 TABLE 4-1

STRATIGRAPHIC COLUMN

Range of
Thickness

10-17

0-35

14-34

18-45

3-20

1-23

0-23

Range of Depths
Top Bottom

0 8-22

10-15

8-63

30-74

63-82

75-110

80-115

111-131

11-74

30-63

63-102

75-110

75-115

111-131

Description

Red, yellow to brown stiff clay
with basal sandy clay section
pinching out locally.

Sand and clay interbeds grading
laterally into sand.

Clean coarse sand with some
clay interbeds.

Sand and gravel with lenses of
sand or sand with some clay
interbeds. Clay occurs
interbedded with sand and
gravel locally.

Gray sand and clay grading
laterally into either sandy
clay or sand.

Gray sand with some clay with
lenses of sandy clay.

Sand and gravel with some clay
interbeds.

Blue clay.

After: ERT, 1985

2504G PG 361-740
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ground surface and the base of the aquifer, contain the most
highly permeable material. A very stiff, dense, bluish-gray
clay, presumably of marine origin, underlies the alluvial
deposits.

Numerous test borings and well installations have been
completed within the study area for various purposes (see
Figures 4-2 and 4-3. and Figure 1-2). Most borings have been
terminated within a unit described as a "blue clay", which has
been encountered in over 50 borings across the Cold
Creek/LeMoyne site, as well as the adjacent CNA property to the
south. This clay unit is encountered at depths varying from 60
to 130 feet below land surface, depending upon boring location,
with the average depth of the clay layer found at approximately
115 to 130 feet below land surface. The clay layer is
generally described as a medium-stiff to stiff blue or
blue/gray clay and is apparently overlain in some areas by a
thin layer of softer yellow/brown clay. Most borings have been
terminated just within this clay layer; therefore, there is
relatively little information regarding its vertical extent or
thickness across the site. Logs for two test borings which
extend to depths below the average depth of the clay layer
indicate that the layer may be at least 20 feet thick (boring
0-9) and greater (boring 0-28. approximately 70 feet) in some
areas.

Previous studies indicate that the clay unit dips very
slightly to the southwest (Stilson. 1974). The depth at which
the blue clay unit has been encountered in various borings
across the site is indicated in Table 4-2. This table
illustrates that the clay layer is present in several areas of
the site and is therefore likely to be horizontally contiguous
across the site. As indicated in the Work Plan, previous
studies have also suggested that the clay unit is continuous
across the site and serves to isolate the alluvial deposits
from other stratigraphic units below. Graphic and descriptive
logs for many of the test borings are included in Appendix
XXVII. Permeability testing of a single sample of the clay,
collected with a Shelby tube from boring 0-86 at a depth of 118

4-6
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TABLE 4-2

DEPTH OF BLUE CLAY LAYER

(see Appendix XXVII for well logs)

Depth Encountered Total Boring Depth
Boring
Number

0-5
0-6
0-8
0-14

0-21
0-22
0-23
0-24
0-59
0-62
0-68

0-70

TW-12
0-28
0-9
OIAM-23

CNAM-24

CNAM-25

CNAM-26

CNAM-27

CNAM-30

CNAM-32

CNAM-34

0-75

0-76

(feet below
ground surface)

118
132
121
115
117
100
76
60
117
116

118

117

122
123
121.5
117
125

130
124
131
130
121
127

124

112

(feet below
ground surface)

120
136
122
120

120
105
80
63
123
120
119

118
124.5
610
461
119
127

131
126
132
132
121
128.5

125

114

2504G PG 361-740
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to 120 feet below land surface, yielded a permeability value of

— 84.4 x 10 cm/sec.
GWA (1978) identified an intermediate clay unit in the

western sector of the property. They suggest that it becomes
discontinuous, thinning to the east into intermittent lenses.

4.5 Hydrogeology

4.5.1 Regional Hydrogeologic Setting

There are two principal water-table aquifers in Mobile
County. A major aquifer is located a few miles west of the
site in the Miocene Uplands section of the county. The second
aquifer is located within the Mobile River Valley, where the
site is located. This aquifer is the principal source of water
for users located within the Mobile River Valley. Wells in
this aquifer typically yield 470 to 846 gallons per minute
(gpm). with specific capacities of 6 to 73 gpm per foot of draw
down (Riccio et a_l. , 1973).

4.5.2 Site Hydrogeology

The Mobile River Valley water-table aquifer at the site is
recharged through infiltration from the Cold Creek Swamp, the
Mobile River, and rainfall. The background water quality is
potable, with low total dissolved solids and iron. Prior to
industcialization. ground-water flow was toward the Mobile
River. The ground-water table varied from 0 to 20 feet below
ground level depending on the topography. Presently, however,
the direction of flow is toward the south-southeast, because of
the local influence of pumpage at CNA and from Stauffer's
interceptor wells (see Figure 4-4). The advent of
industrialization and accompanying ground-water pumpage at the
CNA plant site and surrounding area has resulted in a lowering
of the water table and localized changes in the direction of
ground-water flow, i.e.. presently, ground-water generally
flows away .from the Mobile River (ERT, 1984).

4-10
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The ground-water table within the site area is generally

encountered at depths ranging from 25 to approximately 75 feet
below ground surface. The actual water-table depth across the
site area varies according to geographic location within the
site area, as well as concurrent ground-water pumping at the
time of measurement. Numerous ground-water supply wells and
extraction/interceptor wells which pump several hundred gallons
per minute are located in the site area. A recent ground-water
level sampling program was completed at the Cold Creek/LeMoyne
site and adjacent CNA plant property in October. 1987. These
data provide information on ground-water levels under
near-stable withdrawal conditions typical of normal operations
at the site. Water-level data for various wells are presented
in Appendix XXVIII. These data indicate perceived normal
water-table depths of approximately 40 feet below ground
surface within the Cold Creek portion of the site and greater
than 50 feet below ground surface within the LeMoyne plant
portion of the site. Deeper water levels in the southern part
of the site likely reflect higher rates of ground-water
withdrawal in this area.

It is unlikely that buried wastes within any of the waste
disposal areas, landfills or wastewater treatment ponds come
into contact with the ground-water table under current site
conditions. All of the waste disposal areas are less than 20
feet deep, and ail 9f the landfills are less than 12 feet deep
(see Appendix XXVI for graphic depictions of these areas),
whereas depth_tq ground water varies from approximately 40 to
50 feet belaw-gcound .surface within the site area. Depth to
ground water under static and non-pumping conditions is not
known; however, water level data in remote corners of the site
area indicate water levels varying from approximately 24 to 40
feet below land surface. Therefore, even under non-pumping
conditions, it is unlikely that buried wastes would come into
contact with ground water.

Relatively few deep borings or well installations have
been completed within the immediate site area that extend into
stratigraphic units beneath the blue clay layer. Well

4-12
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construction information provided in Appendix XII indicates a
total of eight borings which extend to a significant depth
beneath the clay layer. Three of these borings represent
injection wells which were drilled to depths varying from 4330
to 4750 feet below ground surface, with screens set for
injection purposes at varying depths greater than 3400 feet
below ground surface. Monitoring wells installed in
association with the injection wells (total of five indicated)
have been installed with screens at depths varying between 207
and 1160 feet below ground surface. Specific well construction
details are provided within Appendix XII. and information
regarding screened ir^ecvals and intended use is presented in
Table 4-3. Lithologic logs available for two of the borings.
IM-1 and IM-2. indicate numerous alternating layers of clay
with silty fine sand and, in one case, medium to coarse sand
(IM-2). extending several hundred feet beneath the blue clay
layer. Both logs (Appendix XII) indicate that clay is the
dominant lithologic formation encountered with relatively thin
layers of fine sand or silt to depths approaching 500 feet
below ground surface. Ground-water usage within the site area
is believed to be limited to the upper aquifer above the clay
layer.

GWA (1979) conducted aquifer pumping tests with existing
production wells LM-2 and CNA-1 (see Figure 1-11) to evaluate
hydraulic responses and determine aquifer characteristics in
the site area. Transmissivity from LM-2 testing was determined
to be 93.123 gallons per day per foot (gpd/ft), and the storage
coefficient was calculated to be 0.31. Transmissivity from
CNA-1 testing was 85,232 gpd/ft. and the storage coefficient
was 0.15. Based on an average saturated thickness of 77 feet,
the average hydraulic conductivity was calculated to be 1.100
gallons per day per square foot (gpd/ft ).

To properly characterize the ground water in the vicinity
of the LeMoyne landfill area, the Work Plan proposed the
installation of two new monitoring wells downgradient of the
landfill. These wells. NM-1 and NM-2, were installed to a

4-13
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DEEP BORING INFORMATION

(see Appendix XII for boring logs)

well
Number

IM-1 (0-9)

IM-2 (0-28)

IM-4

IM-5

Total
Depth

(feet below
ground surface)

461

610

242

1204

Screened Interval
(feet below

ground surface)

207-227

580-590

208-228

1140-1160

IM-6

INJ-1

INJ-2

INJ-3

250

4330

4601

4750

222-242

3402-3491*

4458-4600*

4415-4515*

Intended Use

Monitoring well for INJ-1;
first aquifer beneath blue
clay

Monitoring well for INJ-2;
aquifer at 560-610

Monitoring well for INJ-3;
aquifer at 208-228

Monitoring well for INJ-3;
sand aquifer above
bucatunna clay

Monitoring well for INJ-2

Injection well; plugged and
abandoned at 4184

injection well

Injection well

*Perforated zone.

2504G PG 361-740
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depth of 62.5 feet and 37 feet, respectively. A report by
Thompson Engineering Testing, Inc.. which includes a
description of their installation, log sheets, and locations,
is included in Appendix VII. Included in Appendix XII is CDM's
Figure A-l, showing typical well construction details of the
existing source and area wells, and tables showing coordinate
locations, elevations, depths and screened interval of these
we 11s.

4-15
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^ iw ^ vj , ,_^ 5 SAMPLING AND ANALYSIS PROGRAM

As discussed in Section 1.3. the RI was divided into two
major subtasks. source characterization and area
characterization. The sampling and analysis programs used to
characterize the possible sources and areas of contamination as
well as the analytical results of these investigations were
summarized in Section 1.3.2. The following sections provide a
detailed description of the source and area characterization
sampling and analysis programs, the results of these
investigations, and conclusions regarding the nature and extent
of contamination.

5.1 Source Characterization

5.1.1 Landfills

5.1.1.1 Program Description

Soil borings were installed at 45-degree angles beneath
the three existing landfills on site and advanced to 50 feet or
until ground water was encountered. Composite samples were
collected at 10-foot depth increments and analyzed for
location-specific compounds as well as priority pollutants and
vanadium. A total of twelve soil borings were installed under
the three landfills, as shown in Figure 5-1.

In addition to the soil boring program described above,
samples of the DuPont 3110 plastic membrane that lines the top
and sides of the three landfills were carefully exposed,
sampled, and tested for integrity (see Appendix XVI).

5.1.1.2 Findings and Conclusions

Table 5-1 includes the results of the 12 composite soil
samples that were collected from the three landfills and
analyzed for priority pollutants and vanadium. Other than

5-1
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TABLE NO. 5-1
COMPOSITE SOIL SAMPLES - LANDFILLS - PRIORITY POLLUTANTS IN Mq/Kq - INCLUDES VANADIUM

(Except Cor heavy metals, all other priority pollutants are ND)
(See Plq. 5-1 Cor location)

NLP-lS HLP-23 SLP-2S LLF-lS LLP-28 LLP-3S LLP-4S LLP-53 LLP-63 LLP-73 LLP-8S

Antimony
Arsenic
Beryllium
Chromium
Copper
Lead
Mercury
Nickel
Selenium
Zinc
Vanadium

ND
BMDL
0.17
6.5
2.5
BMDL
BMDL
1.4
ND
8.9
8.3

ND
1.0
0.14
14
2.9
BMDL
0.6
1.6

BMDL
9.6
20

—— North —
Cold creek

ND
1.0
0.21
16
4.5
4
BMDL
2.1
0.5
15
26
——— South
Landfill

ND
3
0.65
31
7.7
BMDL
BMDL
3.5
0.8
28
49

24
ND
BMDL
46
48
6
0.1
2.8

ND
12
-

7.5
BMDL
BMDL
5.3
7.2
BMDL
BMDL
1.3
ND
6.8
-

23
ND
0.24
15
23
BMDL
0.1
3.8
ND
19

-

33 16
BMDL 1.0
0.055 BMDL
22 7.8
35 26
ND BMDL
ND BMDL
3.9 1.6
ND ND
22 7.1
-

—— Thlocarbamates fc phosphorous In
Composite samples

11
BMDL
BMDL
7.
19

BMDL
.1.
4.
ND
14
-

all LLP
are ND -

BMDL
ND
ND

1 3.8
15
BMDL

9 0.1
1 BMDL

ND
4.4

-

8.6
BMDL
BMDL
5.2
32
BMDL
ND
1.9
ND
8.1

-
(LeMoyne Landfill)

'Possible False Positive

ND. not detected - BMDL, detected below Method detection Unit - "_" analysis not required

CD
CD
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relatively low levels of heavy metals, which are in the average
range for natural soils (see Appendix XVIII), no other priority
pollutants were found.

Table 5-2 includes the results of site-specific compound
analysis (organophosphates. thiocarbamates, and phosphorous) of
soil samples collected from the north and south Cold Creek
landfills. With a few minor exceptions, location-specific
compound concentrations in the two Cold Creek landfills were
not detected or were below the method detection limit (BMDL)
for that compound. The highest compound concentration found in
the Cold Creek landfills was 1.5 milligrams per kilogram
(mg/kg. or parts per million (ppm)) of molinate, a
thiocarbamate pesticide which is manufactured at the Cold Creek
plant. As shown in Sections 5.1.4 and 5.2.2, thiocarbamates
were found at very low levels in many of the source and area
wells. However, the mean molinate levels in all wells are
below the proposed safe drinking water level of 0.2 mg/1 (see
Appendix XIX). Based on these findings, the Cold Creek
landfills are not considered a significant source of
contamination.

Results of the soil samples collected from the LeMoyne
landfill are analyzed for chloride, vanadium, and carbon
disulfide are included in Table 5-3. Carbon disulfide was not
detected in any of the LeMoyne landfill soil samples. One
relatively high level, 220 mg/kg, of chloride was detected, and
vanadium was found at relatively low levels of from 1.1 to 30
mg/kg. The concentrations of both of these compounds are
within the common range of natural soils (see Appendix XVIII).
Thus, the LeMoyne landfill is not considered a source of
contamination.

The test results of the landfill liner material that was
analyzed by Matrecon, Inc. are included in Appendix XVI.
Stauffer's materials specialist, Mr. L. Drake, has reviewed
these test results and concluded that the membrane covers are
still in excellent condition with a high life expectancy.

5-4
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TABLE NO. 5-2
SOIL SAMPLES - COLD CREEK LANDFILLS - SITE SPECIFIC COMPOUNDS 0 10 FOOT DEPTH INTERVALS - Mq/Kq

(See Fig. 5-1 for location)

NLF-1S-10' NLF-1S-201 NLF-1S-30' NLF-1S-40' NLF-1S-50' NLF-23-10'
O
CD

ro
EPTC (Eptam) BMOL BMDL
Butylate (Sutan) 0.1 0.2
Vernolate (Vernam) BMOL BMDL
Pebulate (Tlllam) ND ND
Mollnate (Ordram) BMDL BMDL
Cycloate (Ro-neet) BMDL ND
Bensullde (Betasan) ND 0.5

BMDL
0.1

BMDL
ND
0.2
BMDL
ND

BMDL
ND
ND
ND
0.9
ND
0.1

ND
BMDL
ND
ND
0.1

BMDL
ND

NLF-2S-20", SLF-13-10', SLP-1S-20', SLF-1S-30',
SLF-1S-401, SLP-1S-501, SLF-2S-101, fc SLF-2S-201
are all ND in site specific compounds except
for 0.1 nq/kq Ordram In SLP-2S-20'

ND, not detected - BMDL. detected below method detection Unit - "_" analysis not required

Ul
I
Ul



TABLE 5-3
SOIL SAMPLES - LENOVNB LANDFILL - VANADIUM I CHLORIDE IN Mq/Kg 6 10 FOOT DEPTH INTERVALS

(See FtG- 5-1 For location) . <-*J

LLF-1S-101 ILF-1S-20' LLF-2S-10' LLF-2S-20' LLP-38-10' LLP-33-20' LLP-43-10' LLP-4S-201 LLF-5S-10' I.LF-53-20' LLF-5S 30'

Vanadium
Chloride

Vanadium
Chloride

14
ND

LLF-6S-101

6.1
ND

1.6
ND

LLF-6S-20'

5.7
ND

30
220

LLF-6S-30'

1.8
57

1.3
ND

LLP-7S-10'

3.5
ND

9.7
ND

LLP-7S-201

1.1
ND

4.B
ND

LLP-73-30'

6.2
91

24
ND

LLP-8S-10'

2.1
ND

4.9
ND

LLP-83-20'

4.9
ND

3.6 3.3 1.9
ND ND 57

(Carbon dlsulflde was ND In all
LLP samples)

CD
CD

0

ND. not detected - BMDL. detected below Method detection Unit - "_" analysis not required

ui
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5.1.2 Ponds and Lagoons

5.1.2.1 Program Description

The soil sampling program for the ponds and lagoons was
similar to that for the landfills: soil borings were installed
at 45-degree angles beneath the nine ponds investigated on site
and advanced to 50 feet or until ground water was encountered.
Two soil borings were installed under each pond, creating a
total of 18 soil borings, as shown in Figure 5-2. Where
possible, six samples were collected from each boring. One
composite sample was selected for priority pollutant analysis,
and the other five were analyzed for compounds specific to the
pond.

In addition to the soil samples described above, water
samples from three active ponds were collected for priority
pollutant analysis.

5.1.2.2 Findings and Conclusions

Table 5-4 includes the results of the composite soil
samples that were collected from the nine ponds and lagoons and
analyzed for priority pollutants. Except for low levels of
heavy metals, which are in the average range for natural soils
(see Appendix XVIII). the results showed no detectable levels
of priority pollutants in any of the composite samples. One
exception was sample HTP-1S. taken from the former Halby pond,
which showed elevated levels of copper (440 mg/kg). zinc (1170
rag/kg), and cyanide (240 mg/kg). It is thought that this
boring encountered a pocket of waste. A second boring within
the pond and an angled boring beneath the pond both showed
background levels of copper and zinc and no detectable levels
of cyanide. Thus, except for a small pocket of waste in the
Halby pond, the nine ponds showed no priority pollutant
contamination.

Table 5-5 includes the results of composite soil samples
from the nine ponds and lagoons that were analyzed for

5-7
2398G PG-361-740



3 10 00132

LEGEND

LOCATION AND DIRECTION
OF ANGLE BORINQ

HALBY POND BORINGS.
LOCATION TO BE
DECIDED IN FIELD

O RELOCATED SAMPLE
LOCATION

CCAP-2S

CCLP-1S-;
CCLP-2
CCAP-1S

LLP-2S
NCTC-2S

NCTC-1S
OCTC-2S LLP-1S

OCTC-1S

19 LOCATIONS — SOURCE CHARACTERIZATION

(Modified Aher COM, 1985)

.Figure 5-2 Pond and Lagoon Soil Sample Locations
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TABLB NO. 5-4
COMPOSITE SOIL SAMPLES - PONDS fc LAGOONS - PRIORITY POLLUTANTS IN mq/kg

(Except for heavy metals and some cyanide, all other priority pollutants are NO)
(See Pig. 5-2 for location)

CCAP-2S CCLP-IS CCLP-2S HTP-13 HTP-23 HTP-3S MTP-1S MTP-28 NCTC-19 MCTC-23 OCTC-13 OCTC-28 PCS-13 PCS-23 APP-1S APP-2S LLP-1S LLP-2S

Arsenic
Beryllium

Chromium
Copper
Lead
Mercury
Nickel
Zinc
cadmium
Ant imony
Cyanide

2.0
0.1

9.5
3.8
ND
ND
1.6
7.3
ND
ND
1.0*

——— rt

1.0
0.12

7.4
2.3
BMDL
ND
1.6
5.3
ND
ND
ND

•\\A r**t

1.0
0.45

15
5
BMDL
BMDL
3.6
21
ND
ND
ND

klr BfinAm

2.0
0.36

16
5.4
BMDL
BMDL
3.7
15
ND
ND
ND

2
0.11

43
442
22
0.9
18

1170
1.6

ND
240
——— u»!

1

0.52

16
5.1
BMDL
BMDL
6.3
37
ND
ND
ND

1 Kw D*vu

1
0.45

14
4.3
BMDL
BMDL
3.3
23
ND
ND
ND

• ——

BMDL
0.04

4.5
2.3
4.9
1.4
BMDL
9.7
ND
ND
ND

BMDL
BMDL

8.6
3.3
5.8
24
1.6
12
ND
ND
ND

4.0
0.13

29
4
5.8
BMDL
1.8
15
ND
ND
ND

BMDL
0.15

100
4.6
BMDL
BMDL
8.2
21
ND
ND
ND

ND
BMDL

5.2
IB
BMDL
BMDL
1.2
6.1
ND
9.7
ND

1.0
0.08

15
3.4
BMDL
0.3
2.8
11
ND
31
ND

7
0.1

14
15
BMDL
0.4
2.6
15
ND
32
ND

ui« - —————

ND
0.11

16
10
BMDL
BMDL
8.4
20
ND
33
ND

1.0
0.2

12
4.2
7.2
BMDL
1.2
14
ND
ND
ND

2
0.16

11
3.8
7.6
BMDL
1.2
8.4
ND
ND
ND

BMDL
0.08

6.5
2.2
5.4
BMDL
1.7
10
ND
ND
ND

BMUL
0.15

9.4
2.7
6.1
BMDL
2.6
11
ND
ND
ND

O
CD

CH
Us)

•Questionable based on OA field blank analysis (see Appendix VI Cor explanation).

ND, not detected - BMDL, detected below method detection Unit - "_" analysis not required
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TABLE NO. 5-5 (1 of 2)
SOIL SAMPLES - POND'S & LAGOONS - SITE SPECIFIC COMPOUNDS IN Mq/Kq 0 10 KOOT DEPTH INTERVALS

(See Fig. 5-2 for location)

CCAP-lS-10' CCAP-1S-20' CCAP-1S-30' CCAP-13-40' CCAP-1S-50' CCAP-2S-10' CCAP-2S 20' CCAP-2S 30' CCAP 2S-40' CCAP--2S-SO

EPTC (Eptam)
Butylate (Sutan)
Vernolae (Vernam)
Pebulate (Tlllam)
Molinate (Ordram)
Cycloate (Ro-neet)

BPTC
Butylate
Vernolate
Pebulate
Molinate
Cycloate

Cold Creek

Ln1 Thiocyanate
I-1

0.3
0.1
0.1
0.1
0.3
0.2

CCLP-lS-101

ND
ND
ND
ND
ND
ND

•s LeCreek wwt

HTP- IS- 10'

1.010

25
0.3
8.6
1.2
6.4
2.7

CCLP- 13-20 '

ND
ND
ND
ND
ND
ND

Pond

HTP- 23- 10'

550

1.2
0.1
0.3
0.2
5
0.1

CCLP- 13-30'

ND
ND
ND
ND
ND
ND

HTP-2S-20'

640

0.9
0.2
0.3
0.2
3.7
0.5

CCLP- 13-40"

ND
ND
ND
ND
ND
ND

HTP- 23-30'

20

ND
ND
ND
ND
ND
ND

CCLP- 13-50'

ND
ND
ND
ND
ND
ND

HTP-2S-40'

ND
- Halby Pond

ND
ND
ND
ND
ND
ND

CCLP-2S-10' CCL

0.1
0.1
0.1
0.1
0.1
0.2

HTP-3S-10' HTP

2.480

1.6
ND
1.1
0.1
0.8
0.2

P- 23-20'

BMDL
BMDL
BMDL
0.2
0.1
BMDL

-33-20'

1.030

BMDL
ND
0.1
ND
0.2
ND

CCLP- 23 30'

ND
ND
ND
ND
ND
ND

HTP-3S-30'

420

0.2
ND
0.1
ND
0.2
ND

CCLP- 2S- 40'

ND
ND
ND
ND
ND
ND

HTP- 33- 40'

190

ND
ND
ND
ND
ND
ND

CCLP-2S-SO'

ND
ND
ND
ND
ND
ND

. CD

CD

O-J

HTP-IS-10' HTP-IS-20' HTP-IS-30' HTP-23-10' MTP-23-20' Old Chlorine plant wwt pond

Chloride 650 1.200 680 ND ND

NCTC 13-10' NCTC-13-20' NCTC-1S-30' NCTC 1S-40' NCTC-1S-50' NCTC-23-10' NCTC-2S 20' NCTC-2S-30' NCTC 2S 40' NCTC-2S-50'

Carbon DlsulFlde ND
Carbon Tetrachlorlde ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

New Carbon letrachlorIde wwt pond

ND
ND

ND
ND

ND
ND

ND
ND

OCTC-IS-10' OCTC-1S-20' OCTC-lS-30' OCTC 1S-40' OCTC-1S-50' OCTC 2S- 10' OCTC 2S-20' OCS-lS 10' OCS-1S-20' DCS IS-301

Carbon Dlsulflde ND

f. 11 1)011 'I'd I Ji I l lo l I l l f ND

ND ND ND ND 0.016

ND ND 0.001 0.001 ND

Oil) Idl lHHI I Cl I .11 MOI l«lf W Wt 1>OII<1

ND

ND

0.002 ND 0.008

ND ND ND

Old carbon dlMilftcle w wl pond
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TABLE NO. 5-5 - continued (2 of 2) —— *
CD

O

PCS- IS- 40' OC8-IS-50' OCS-2S-10' OC3-2S-201 PCS- 23- 30' PCS- 23- 40' OCS-2S-50' CD

'Carbon Dlsulflde ND
Carbon Tetrachlorlde 0.004

APP-1S-10'

Iron 25,600
Sulfate ND

0.003
0.003

APP-13-20'

4.270
ND

ND
0.685

APP-1S-301

10.100
ND

0.0025
0.0066

APP-1S-401

2.810
210

0.005
0.008

Acid

APP- 13-50'

1.780
570

0.005
0.0035

Plant Pond

APP- 23-10 '

24.500
ND

ND
ND

APP- 23- 20' APP- 23- SO-

ll. 100 4.540
ND ND

APP-2S-40' APP-2S-501

5,780 1,880
200 bBO

LLP-1S-10' LLP-13-20' LLP-1S-30' LLP-13-40' LLP- 13-50' LLP-2S-10' LLP-2S-20' LLP-2S-3Q' LLP-^SiiOl LLP-2S-501

Chloride ND ND ND 65 ND ND 50 ND ND 240
LeHoyne LeCreek wwt pond

ND, not detected - BMDL, detected below Method detection l imit - *_* analysis not required
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site-specific compounds. Low to moderate (25 mg/kg maximum)
levels of a few thiocarbamates were found at the 20-foot depth
in the southwest corner of the Cold Creek old neutralization,
pond. As shown in subsequent sections, the closest
downgradient well. CCM-4. showed thiocarbamate levels ranging
from below the mean detectable limit to 0.23 mg/1. whereas the
next most immediate downgradient wells showed thiocarbamate
levels of from below detection limits to 0.01 mg/1.
Ultimately, the existing ground-water intercept system is
capturing these trace amounts which probably originate from the
Cold Creek old neutralization pond.

Discharge of treated water from the intercept wells to the
Mobile River is currently governed by the provisions outlined
within the existing NPDES permit for the facility. This permit
indicates a current limitation or allowance for combined
discharge of up to 3.3 Ibs/day of thiocarbamates from the
facilities. Single-day water analyses recorded monthly since
April. 1984 from both the LeMoyne plant and the Cold Creek
plant treatment systems indicate that in only one instance
(July, 1985 - 4.10 Ibs) has this discharge limitation not been
met. The majority of the discharge data (see Table 24-1 in
Appendix XXIV) indicate less than 1.00 Ib/day of thiocarbamate
within the discharge stream.

There is little information available regarding the
environmental persistence, or fate and transport, of
thiocarbamates as they are released to a surface-water body
such as the Mobile River. Some information regarding
thiocarbamates in general is reported within the Waste
Component Characteristics and Behavior section of this report.
Section 3.2.

High levels of thiocyanate (2480 rag/kg maximum) were found
under the Halby pond, indicating localized contamination around
the closed pond, as suggested above. As discussed later, a low
level of thiocyanate was detected in ground water downgradient
from the Halby pond, whereas no other site-specific compounds
were detected. The Halby pond is therefore considered the

5-12
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probable source of thiocyanate contamination found in the
ground water.

High iron concentrations (25,600 mg/kg maximum) were found
under the LeMoyne acid plant WWT pond. The only finding in the
nearest downgradient well. CNA-3. was 0.0003 mg/1 CS .
Because the acid plant pond has never received any CS_. it is
not likely to be a source of CS_ contamination.

Results of the analysis for priority pollutants of water
samples taken from three active ponds are included in
Table 5-6. Except for very low levels of a few heavy metals,
all the priority pollutants were essentially non detectable.

5.1.3 Swamps

5.1.3.1 Program Description

Three-foot deep soil borings were installed at 34
locations in the Cold Creek Swamp and at four locations in the
LeMoyne Swamp, as shown in Figures 5-3 and 5-4, and in Drawing
1.3 in Appendix XVII. A split-spoon sampler, shelby tube, or
acrylic tube was used, depending on soil conditions. Excess
water was decanted, and the sample was mixed in a stainless
steel tray. A subsample was then taken for the composite. Of
the 38 composite samples collected, 3 from the Cold Creek Swamp
and 4 from the LeMoyne Swamp were analyzed for thiocarbamates.
chloride, and priority pollutants. The other 31 samples were
analyzed for mercury only.

In addition, fish samples from 5 locations in the Cold
Creek Swamp (see Drawing 1.3 in Appendix XVII) were collected
and analyzed for mercury in accordance with the Work Plan and
subsequent meetings with the EPA. Because of the very small
size of the individual fish, an aggregate sample was taken and
the analysis was performed on a homogenate. i.e., whole fish.

5-13
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TABLE NO. 5 6
POND & SURFACE WATER - PRIORITY POLLUTANTS IN mq/1

(Any priority pollutants not shown are ND or BMDL)

CD

CD
CD

SW-01-1W SW-11-1H CCLP-lW NCTC-1W I.LP IV
00

Carbon Tetrachlorlde
Mercury
Nickel
Zinc
Cyanide
Phenol
Priority Pollutants

Volatiles

0.0002
NO

0.31

ND

ND

ND

0.0056
BMLD

0.013
0.16

ND
ND

All ND
—— - Background

(Ref. to
Fig. 5-5 for location)

0.032
0.0003
BMDL
0.012
ND
0.007

ND
0.0008
0.022
0.023
0.132

ND

(Ref. to Fig. 5-2
for location)

Ui
I

NO. not detected BMDL, detected below method detection limit - "_" analysis not required



8801046
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5.1.3.2 Findings and Conclusions

Results of the seven swamp samples analyzed foe
thiocarbamates. chloride, and priority pollutants are included
in Tables 5-7 and 5-8.

Among the priority pollutants, only heavy metals with
levels typical of natural soils were found. Mercury was the
only exception, with a maximum concentration of 300 mg/kg.
These heavy metals are insoluble and effectively immobile
because the analytical results of ground-water samples,
reported later, do not indicate their presence. It is
noteworthy that one soil sample. SW-01-1S, selected in the Work
Plan as the background level for heavy metals, shows the same
relative levels of metals as found in Cold Creek Swamp except
for mercury. SW-01-1S was collected near LeMoyne's south
property line next to the railroad tracks (see Figure 5-5). It
also compares favorably with a road-side sample from U.S.
Highway 231 (see ADEMS December 19, 1986 letter in Appendix XV).

Most thiocarbamates were not detected, although a few were
present at low levels (1.8 rag/kg maximum). Analysis of
downgradient ground water, however, as discussed in subsequent
sections, did not detect any thiocarbaraates. Therefore, the
swamps are not considered sources of thiocarbamate
contamination.

Chloride in the Cold Creek Swamp soil samples varied from
not detected to 50 rag/kg, and in the LeMoyne Swamp samples from
not detected to 190 rag/kg. These levels are within the average
range for natural soils; therefore, the two swamps are not
considered sources of chloride contamination.

Table 5-9 includes the mercury results of composite soil
samples collected from the Cold Creek Swamp. Mercury was found
in all but one of the 31 Cold Creek Swamp samples at
concentrations of from 0.14 mg/kg to 690 rag/kg. Although the
mercury levels are high, the mercury is probably present as the
sulfide (as discussed in Appendix XXV) and is therefore
immobile and insoluble. This is evidenced by the fact that

5-17

2398G PG-361-740



CD

TABLE NO. 5-7
COMPOSITE SOIL SAMPLES - COLD CREEK fc LEMOYNE SWAMP - PRIORITY POLLUTANTS IN Mg/Kq

(All priority pollutants not shown are ND)

CD
CD

LS-1S LS-2S LS-3S L3-4S

Arsenic
Beryllium
Chromium
Copper
Lead
Mercury
Nickel
Zinc

ND
0.4

19
6.4

15
0.11
2.1

12

ND
0.11
6.2
1.9
BMDL
0.15
BMDL

20
_ _ _ _ _ _ _ _ _ 1LeMoyne Swamp

2
0.71

24
10
23

0.22
5.8

131

BMDL
0.65

50
8.3

12
0.28
3.5

55

W-01-1S

5.0
0.53

88
68

100
0.9
5.6

180
Background Ref.
to Fig. D-l for
location

CCS-IS

5
0.46

130
35
31

300
51

171

CCS-23 CCS-3S

5 5
0.31 0.81

140 180
14 34
BMDL 26

190 230
32 56

312 561
Cold Creek Swamp - - - - - — - -

NOTE: Refer to Fig. 5~3 . 54 and Dwg. No. 1.3 for location of Swamp Samples.

ND. not detected - BMDL. detected below method detection limit - •_" analysis not required.
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TABLE NO. 5-8
COMPOSITE SOIL SAMPLES - COLD CREEK fc LEMOYNE SWAMP - SITE SPECIFIC COMPOUNDS IN Mq/Kq

LS-1S LS-2S LS-3S

CD

CD
CD

LS-4S

EPTC (Eptam)
Butylate (Sutan)
Vernolate (Vernaa)
Pebulate (Tlllaa)
Mollnate (Ordram)
Cycloate (Ro-neet)
Chloride

0.1
ND
ND
ND

0.1
ND
ND

0.2
0.3
0.2

ND
0.4
0.5

SO

1.0
1.8
l.l
0.3
0.9
1.8

SO

ND
ND
ND
ND
ND
0.2

190

ND
ND
ND
ND
ND
ND
ND

LeMoyne

ND
ND
ND
ND
ND
ND
100

ND
ND
ND
ND
ND
ND
50

NO, not detected - BMDL. detected below method detection limit - "_• analysis not required
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Figure 5-5 Sampling Points on Cold Greek and Tributaries
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Mercury

CCS-2-1E

1.8

TABLE NO 5-9
COMPOSITE SOIL SAMPLES - COLD CREEK SWAMP - MERCURY IN Mq/Kq (see Dwq. 1.3 for location)

5-2- IV CCS-3-1W CCS-3-IB CCS-4-1B CCS-4-2B CCS-4-3B

7.3 690 29 SB 1.2 2.0

CCS-4-3W CCS _4;2W CCS-4-1W

BMDL 0.14 15

CD

CD
O

c_n

CCS-5-2H CCS-5-1 CCS-5-2E CCS-5-1E CCS-6-1B CC3-6-1M CCS-6-2W CCS-7-3M CCS-7-2W CCS-7-1W

Mercury 12.7 9.3 5.3 1.8 4.9 6.0 5.6 0.9 22 7.7

Mercury

CCS-7-1B

103

CCS-7-

35

CCS-7-3B CCS-7-4B CCS-7-5B CC3-7-6E CCS-B-1M

49 25 10.5 17 2.1

CC3-B-1B CCS-8-2E

8.3 2.2

-flrJE CCS-8-4E

1.7 7.0

tn
I

ND. not detected - BMDL, detected below method detection limit - "_" analysis not required
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mercury was not detected in downgradient ground water nor in
ground water anywhere on the site. Therefore, the Cold Creek
Swamp is not considered a source of mercury contamination to
ground water.

Results of the analysis for mercury of fish collected from
five locations in the Cold Creek Swamp are included in Table
5-10. Mercury levels for four of the sampling locations varied
from 0.59 to 3.1 rag/kg of total fish. The background fish
sample contained 0.42 rag of mercury/kg of total fish. Whereas
the range may exceed the PDA established action level of 0.5
mg/kg for the edible portion of fish tissue, many of the fish
were forage fish and unlikely to be eaten. The game fish found
at the site were generally juveniles. Some of these may make
their way to the Mobile River, and with lower ambient mercury
concentrations, body burdens would decline over time because of
growth and depuration. Human consumption of fish contaminated
from the site, but caught in the river, is considered to be
very unlikely. A more detailed discussion of mercury levels in
fish, how mercury levels in the swamp may affect other biota,
and other potential environmental impacts is included in the
Endangerment Assessment, which is being submitted concurrently
with this report.

5.1.4 Ground Water

5.1.4.1 Program Description

Two new monitoring wells (NM-1 and NM-2) were installed
near- the LeMoyne landfill (see Figure 4-2). A report by
Thompson Engineering and Testing, Inc.. which is included in
Appendix VII. gives details on construction of the new wells.
These wells and one existing well, CCM-7. were sampled-for
priority pollutants, thiocarbamates, organophosphates,
chlorides, carbon tetrachloride. carbon disulfide and mercury
in order to characterize possible source areas of contamination.

In addition, twelve other existing wells, 0-29, 0-31,
0-32, 0-39. 0-41, 0-45. 0-49, 0-58. 0-64. 0-65. 0-73 and CCM-4

5-22
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3 10 0 0 1 4 7 ' TABLE 5-10

FISH SAMPLES - COLD CREEK and LYMOYNE SWAMPS

MERCURY in Mg/Kg TOTAL FISH

________Sampling Location
BA-1 BA-2 BA-3 BA-4 BA-5

Mercury 0.59 3.1 0.91 1.1 0.42
Concentration
(rag/kg total fish)

NOTE: The fish sampling locations are shown on Drawing 1.3 in
Appendix XVII.

2426G PG-361-740
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(see Figure 4-2) were sampled for location-specific compounds
for evidence of pond leakage.

5.1.4.2 Findings and Conclusions

The results of the priority pollutant analysis of
ground-water samples from the source wells are included in
Table 5-11 along with the results for area wells, which are
discussed in Section 5.2.2. Table 5-12 includes the results of
location-specific compound analysis for the source wells and
the area wells.

The priority pollutant and location-specific compound
results for wells NM-1, NM-2. and CCM-7 are essentially non
detectable except for chlorides, which are in the low to
moderate range of from 22.1 to 232 rag/1.

As they have been in the past, high levels of carbon
disulfide and carbon tetrachloride were observed in wells 0-29
and 0-31, which are less than 100 feet downgradient of the old
carbon tetrachloride and old carbon disulfide/carbon
tetrachloride plant wastewater treatment ponds. All other
samples from the 12 wells sampled for evidence of pond leakage
were low in almost all other compounds. Therefore, except for
the old carbon tetrachloride and carbon disulfide/carbon
tetrachloride plant wastewater treatment ponds, none of the
other ponds on site represent sources of carbon tetrachloride
or carbon disulfide contamination.

Carbon tetrachloride was measured in wells 0-39, 0-41, and
0-45 at levels ranging from 0.8 to 1.5 rag/1. These three wells
are in the immediate vicinity of the old carbon tetrachloride
plant WWT pond mentioned above. The levels of carbon
tetrachloride and carbon disulfide in the source and area wells
are not considered safe for ingestion by humans or other living
organisms. However, because the existing withdrawal and
treatment systems preclude access to these ground waters, there
is virtually no risk to humans or other organisms. The
ground-water intercept system, which has been operating since

5-24
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TABLE HO. 5-11

GROUNDVATBR - SOURCE fc AREA WELLS - PRIORITY POLLUTANTS IN nq/1 ( R e f . to F i g . 4-2 & 4-3 for locat ion) f—j
(Arty priority pollutants not shown are ND or BMDL) Note: Mercury was BMDL In all samples

-C*-
SCC-CC-12 SCC-017 3CC-05 3CC-050 3CC-Q14 3CC-OIB SCC-Q16 CCM-7 HM-1 HM-2 All sample numbers have ,,-.

•-1W as suffix
Phenol 0.006 • ND ND ND ND ND ND ND ND ND
Arsenic ND ND BMDL ND ND 0.011 ND 0.03 ND ND
Copper BMDL ND ND 0.022 ND ND BMDL ND ND ND
Nickel 0.016 BMDL BMDL BMDL 0.014 0.013 BMDL 0.024 0.033 ND
Zinc 0.063 0.036 0.17 0.052 0.11 0.056 0.1 0.12 0.058 0.022
Chloroform - - - - - - - - 0.051 0.009

ND, not detected - BMDL. detected below Bethod detection Unit - "_" analysis not required



TABLE NO. 5-12
GROUNDUATER - SOURCE i AREA HELLS - SITE SPECIFIC COMPOUNDS IN «q/l

Note: Fonofos (Dyfonate), Carbophenothlon (Trlthlon). Pttosnet (Imldan) & Bensullde (Betasan) are all ND
(Ref. to Fig. 4-2 fc 4-3 for location)

CD

EPTC (Eptam)
Butylate (Sutan)
Vernolate (Vernam)
Pebulate (Tillam)
Holinate (Ordram)
Cycloate (Ro-neet)
Mercury
Carbon DlsulfIde
Carbon Tetrachlorlde
Thlocyanate
Chloride

SCC-05

ND
ND
ND
ND
ND
ND
ND
ND
-
-

9.7

scc-oe

0.001
BMDL
ND
ND
0.002
BMDL
-

ND
-
-

41.3

SCC-014

0.001
BMDL
BMDL
ND
0.002
BMDL
ND
BMDL
-
-

16

SCC-016

0.006
0.001
BMDL
ND
0.001
BMDL
ND
BMDL
-
-

26.4

SCC-017

ND
ND
ND
ND
ND
ND
BMDL
BMDL
-
-
4.8

scc-oia

ND
ND
ND
ND
ND
ND
BHDL
BMDL
-
0.4
5.3

SCC- 22

ND
ND
ND
ND
ND
ND
ND
ND
-
-
123.6

3CC- 23

ND
ND
ND
ND
ND
ND
ND
ND
-
-
37.8

SCC- 24

ND
ND
ND
ND
ND
ND
ND
0.001

-
-

3.900

SCC- 25

0.001
BMDL
BMDL
ND
BMDL
BMDL

.-
ND
-
ND

29.9

SCC- 50

BMDL
BMDL
ND
ND
BMDL
ND
ND
ND
-
-
45

SCC-51

ND
ND
ND
BMDL
ND
ND
ND
ND
-
-
3.4

3CC-S2

ND
ND
ND
ND
ND
ND
ND
ND
ND

-
3.7

SCC- 78

BMOL
BMDL
BMDL
ND
BMDL
BMDL
ND
0.0002
ND
-

20.9

CD

CD

cn
CD

Ul
I

NJ
Tl

CCM-4 CCM-7 HH-1 NH-2 CMA-I4 CNA-15 CNA-16 CMA-17 01AM-1 CM AM-22 CNAM-25 CMAH-2B CNAM-30

EPTC (Eptam)
Butylate (Sutan)
Vernolate (Vernara)
Pebulate (Til lam)
Mollnate (Ordrara)
Cycloate (Ro-neet)
Mercury
Carbon Dlsulf Ide
Carbon Tetrachlorlde
Chloride

0.001
0.003
0.004
BMDL
0.231
0.004
ND
0.0002
ND

233

0.017
0.013
0.004
BMDL
0.024
0.004
ND
0.0005
ND
82.6

BMDL
ND
ND
ND
BMDL
ND
ND
ND
0.25

232

BMDL
ND
ND
ND
ND
ND
ND
ND
ND
22.1

ND
ND
BMDL
ND
ND
ND
BMDL
0.002
-

96.6

ND
ND
ND
ND
ND
ND
ND
0.005
-

11.3

ND
ND
ND
ND
ND
ND
ND
ND
ND
3

ND
ND
ND
ND
ND
ND
ND
0.045
-

4.7

ND
ND
ND
ND
ND
ND
ND
0.0007
0.0176
29.4

0.021
0.007
0.007
ND
0.026
0.006
ND
ND
-

260

ND
ND
ND
ND
ND
ND
ND
0.001

-
6.2

ND
ND
ND
ND
ND
ND
ND
ND
0.007

21.2

0
0
0

0
0

0

53

.007

.002

.002
ND
.026
.001
ND
.0006

.7

0-29 0-31 O-32 0-39 0-41 0-45 0-49 0-58 0-64 0-65 0-73

EPTC (Eptam)
Butylate (Sutan)
Vernolate (Vernam)
Pebulate (Tlllam)
Mollnate (Ordram)
Cyc loa t e (Ro- nee t)
Mercury
Carbon Dlsulflde
Carbon Tetrachlorlde
Chloride

0.005
0.002
0.006
0.002
0.009
0.002
ND
22.2
298
390

0.005
0.002
0.003
BMDL
0.008
0.002
ND
55.6
42.4

110.9

0.01
0.003
0.002
ND
0.1
0.003
ND
ND
0.001

35.2

0.006
0.002
0.003
BMDL
0.009
0.002
ND
ND
0.854
59.8

0.005
0.002
0.003
BMDL
0.007
0.002
ND
ND
0.812

36.3

0.013
0.01
0.009
0.001
0.017
0.007
ND
0.368
1.52

130

0.002
BMDL
0.001
ND
0.004
BMDL
ND
ND
ND

367

BMDL
ND
ND
ND
0.003
BMDL
BMDL
ND
0.001

64.2

0.004
0.001
0.002
BMDL
0.01
0.002
ND
0.002
0.001

61.5

ND
ND
ND
ND
BMDL
ND
ND
0.002
0.001

169

0.005
0.001
0.002
BMDL
0.007
0.002
ND
ND
0.002
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TABLE 5-12 (cont'd)

EPTC (Eptam)
Butylate (Sutan)
Vernolate (Vernam)
Pebulate (Til lam)
Molinate (Ordram)
Cycloate (Ro-neet)
Mercury
Carbon Dlsulflde

Carbon Tetrachlorlde
Thlocyanate

SCC-079 SCC-08Q SCCLH-5 SCCLM-6 SCCLM-7 SCCLM-10 SCC-CC-12 CNA-3 CNA 6 CNA-9 CNA 11 CNA 13

NO
ND
ND
ND
ND
ND
ND
ND

6

ND
ND
ND
ND
ND
ND
ND
ND

ND

0.057
ND
ND
ND
0.005
ND
ND
0.0008

-

0.005
0.001
0.002
ND
0.005
0.001
ND
0.232

-

ND
ND
ND
ND
ND
ND
ND
ND

-

ND
ND
ND
ND
ND
ND
ND
ND

-

ND
ND
ND
ND
ND
ND
BMDL
ND

-

ND
ND
ND
ND
ND
ND
BMDL

0.0003

-

ND
ND
ND
ND
ND
ND
ND

0.006

0.0009
-

ND
ND
ND
ND
ND
ND
ND
ND

0.0145

0.002
ND
ND
ND

0.003
ND
ND
ND

-

ND
ND
ND

• ND
ND
ND
ND
0.0005

0.0007
-

ND
ND
ND
ND
ND
ND
ND
ND

_

Ol

— *
CD

CD
CD

ND, not detected - BMDL, detected below nethod detection limit - " " analysis not required
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1981. controls ground water in this area. Low levels of these
compounds are evident at CNA wells south of the site property
line probably because of migration prior to the installation of
the intercept system (see Figure 5-7). The CNA system serves
to effectively purge the area of any small residual quantities.

5.2 Area Characterization

5.2.1 Surface Water and Soils

5.2.1.1 Program Description

Two surface-water and two soil samples were collected
off-site to determine background levels of the compounds of
concern. As shown in Figure 5-5. a surface water sample was
collected from, and a soil sample was collected adjacent to,
two unnamed tributaries to Cold Creek. One tributary is
located north of the Virginia Chemicals plant, which is north
of Cold Creek, and the other is located approximately 100 feet
north of the LeMoyne-CNA property line near the railroad
tracks. As outlined in CDM's Work Plan, the soil and
surface-water samples from the northern tributary were analyzed
for priority pollutant volatile organic compounds, and the soil
and surface-water samples from the southern tributary were
analyzed for priority pollutant metals.

5.2.1.2 Findings and Conclusions

The results of the background surface-water and soil
sample analyses ace included in Appendix 11 and summarized in
Tables B-6 and 5-7. No priority pollutant volatile organic
compounds were detected in the background soil or surface-water
samples. Several heavy metals were found in the background
soil sample taken near the railroad tracks. With the exception
of mercury, however, all metals were found at levels within the
common range for natural soils (see Appendix XVIII). These
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results indicate that background mercury levels are higher than
those in natural soils. Very low levels of mercury (0.0002
ppra) were found in the background surface-water sample analyzed
for metals. The only other metal found was zinc, at a
concentration of 0.31 ppm.

5.2.2 Ground Water

5.2.2.1 Program Description

In order to characterize the area ground water, 36 wells
(one well, CNA-8, was inoperative) were sampled in addition to
those mentioned in Section 5.1.4 above (see Figure 4-3). Seven
of these well samples. SCC-05. SCC-014. SCC-016, SCC-017,
SCC-018, SCC-050, and SCC-CC12. were analyzed for priority
pollutants. The remaining well samples were sampled for
location-specific compounds.

5.2.2.2 Findings and Conclusions

Table 5-11 includes the results of priority pollutant
analysis of ground-water samples from area and source wells.
As shown, no priority pollutants were detected except for low
concentrations of heavy metals (0.01 to 0.17 rag/1).

The results of location-specific analysis, included in
Table 5-12, show non-detectable to very low levels of almost
all compounds. The two exceptions are 6 rag/I thiocyanate in
SCC-079 and 0.23 mg/1 carbon disulfide in SCC-LM6. SCC-079 is
just downgradient of the closed Halby pond.

Chloride levels are low (3.4 to 123.6 rag/1) with the
exception of well SCC-24, which is immediately adjacent to the
salt barge unloading area at the Mobile River. Here, the
chloride level of 3.900 rag/1 is a highly localized condition
attributed to the on-going surface handling of large volumes of
rock salt.

5-29
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These results clearly demonstrate that the heavy metals

found in swamp soil samples are insoluble and immobile and have
no effect on dovngradient ground water.

Figure 5-6. carbon tetrachloride/carbon disulfide in
LeMoyne source wells, and Figure 5-7. carbon
tetrachloride/carbon disulfide in area wells downgradient from
LeMoyne. are firm evidence of the effectiveness of Stauffer's
existing interceptor well system. As concentrations of
contaminants at the interceptor wells decrease (see Figure 1-12
for history since installation), the already low concentrations
(less than 0.05 mg/1) of contaminants downgradient should
eventually fall below detectable limits.

5-30
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6. PUBLIC HEALTH AND ENVIRONMENTAL CONCERNS

An Endangerment Assessment has been prepared for the Cold
Creek/LeMoyne site by ERT (ERT, 1988). A summary of this work
is presented in this section. The following discussion is
divided into three parts: potential receptors, public health
impacts, and environmental impacts. The first part identifies
human and environmental (flora and fauna) receptors that are or
may be exposed to site contamination, and the second and third
parts discuss the impacts of site contaminants on human and
environmental populations.

The purpose of an endangerment assessment is to determine
if endangerment to human health or the environment exists as a
result of a threatened or actual release of a hazardous
substance (EPA, 1985). Usually, the endangerment assessment
is the interpretive link between the remedial investigation and
the feasibility study, and it is used to determine whether a
remedial action is necessary and how quickly steps must be
taken to protect potentially affected populations or
environments.

6.1 Potential Receptors

As discussed previously in Section 1.2, the Cold
Creek/LeMoyne site is located in an industrial area and is
surrounded by several other large chemical production
companies. Fewer than 10 residences are located within one
mile of the site, and none of them are downgradient of the
contaminated ground water at the site. The nearest population
centers include Mt. Vernon (with a population of 1,038), which
is located about 8 miles north of the site, and Creola
(population of 673), which is located about 5 miles to the
south (U.S. Department of Commerce, 1981).

The majority of the chemical plants as well as the local
communities in the area obtain water from the water-table
aquifer. As discussed earlier in Section 1.2, and shown in
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Figure 1-2. the Cold Creek facility has one drinking-water well
and one backup well, and the LeMoyne facility has two
drinking-water wells. The CNA facility to the south has one
drinking-water well and a backup well. These wells were
sampled during the RI, and no contaminants were detected.

Both Cold Creek Swamp and LeMoyne Swamp represent the most
important environmental receptors at the site. These swamps
currently support a diverse variety of plants and animals,
including the alligator, which is currently listed as a
threatened species. The Mobile River, which forms the eastern
boundary of the site, is also a potential environmental
receptor.

6.2 Public Health Impacts

To properly assess the potential public health impacts
from the Cold Creek/LeMoyne site, a characterization of the
potential areas of contamination must be made. These include
the nine ponds or lagoons, four of which are still active, the
three closed landfills, and portions of the two swamps (Cold
Creek and LeMoyne). Figure ES-1 shows the locations of these
14 potential source areas.

Based on the frequency of detection, the concentrations
detected, and the toxicological properties of the contaminants
which have been found at the site, the following compounds were
selected as "representative" compounds. These are:

• carbon tetrachloride;
• carbon disulfide;
• cyanide;
• mercury;
• 6 thiocarbamates (including EPTC, butylate, cycloate.

molinate, pebulate. and vernolate); and
• thiocyanate.

6-2
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Information concerning safe drinking water levels for many

of these contaminants is presented in Appendix XIX. In
addition, available toxicity information for aquatic species is
included in these reviews.

After identifying the potential receptors and the
contaminants to which they may be exposed, it is necessary to
determine the ways in which they may be exposed and the
frequency and magnitude of the potential exposure. Human
exposure to the contaminants identified at the Cold
Creek/LeMoyne site can potentially occur directly through air,
water or solid media (soils, sediments or sludges) or
indirectly through the food chain; however, the most likely
exposure pathways are as follows:

• Incidental ingestion of contaminated swamp sediments;
• dermal contact with contaminated swamp sediments;
• ingestion of contaminated fish; and,
• ingestion of contaminated ground water.

Exposure to contaminated swamp sediments and via ingestion
of fish is probably infrequent because the site is located in
an industrial area and people generally do not spend much time
in wetland areas unless they are bird watchers or are on other
kinds of nature walks. In addition, shoes and other articles
of clothing will help to protect anyone from direct contact
with the swamp sediments. Ingestion of contaminated fish is
also expected to be infrequent because it is unlikely that
anyone fishes in Cold Creek Swamp, given its proximity to
industrial property, its restricted access, and the small size
of the fish in the swamp.

No current risk appears to exist from exposure to
contaminated ground water at the site, because none of the
contaminants have been detected in any of the drinking-water
wells in the immediate vicinity of the site. It is highly
unlikely that future exposure to contaminated ground water
would occur, because a permit is required for the installation
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of a potable water well from the state of Alabama, and it is
unlikely that a permit would be granted given the documented
ground-water contamination at the site.

One way of assessing the risks is to quantify the
potential for adverse health effects due to site-related
chemical exposure. As described in more detail in the
Endangerment Assessment (ERT. 1988), noncarcinogenic effects
are assumed to have a threshold dose below which an adverse
health effect will not occur. In order to determine the risks,
the estimated intakes of indicator chemicals that may lead to
noncarcinogenic effects are compared to acceptable daily
intakes. This ratio is called the hazard index (HI). An HI of
less than one (unity) results when estimated intake is less
than acceptable intake, which indicates that levels of intake
are lower than those expected to produce toxic effects.

As shown in Table 6-1, quantitative risk estimates were
conducted for both adult workers and teenagers that could be
exposed to contaminants at the Cold Creek/LeMoyne site. Using
conservative assumptions, risks were calculated for
hypothetical individuals who may come in contact with hazardous
compounds via exposure to contaminated swamp sediments and
ingestion of contaminated fish. Two scenarios were developed
for each exposure route. The worst-case scenario assumes that
an individual is exposed to the maximum concentration of the
compound measured in that media (i.e., sediments or fish), and
the realistic case uses average concentrations found at the
site. For teenagers, it was assumed that they would be exposed
to contaminated swamp sediments 6 times per year for a period
of 5 years, and for adult workers it was assumed that they be
exposed 12 times per year (once a month) for 30 years. In
determining risk from ingestion of contaminated fish, it was
assumed that an individual would consume 6.5 grams of fish per
day for a period of 30 years.

Results of the quantitative risk assessment for
noncarcinogens show that individuals exposed to contaminants at
the Cold Creek/LeMoyne site are not at risk, even if they are
exposed to maximum concentrations. Even when the risks for
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each exposure route and each compound are summed, the total HI
is still less than unity. However, care must be taken when
interpreting summed Hi's, because adding them assumes that
their toxicological effects are additive, which may not be true

The underlying assumption for assessing the risks from
suspect or known human carcinogens is that there is no
threshold for an adverse health effect. Carcinogenic risk is
quantified by multiplying an EPA-derived cancer potency factor
by the estimated intake (dose) to calculate cancer risk due to
each site-related exposure. Carbon tetrachloride is the only
indicator compound at the Cold Creek/LeMoyne site which is
considered by the EPA to be a suspect human carcinogen. This
compound was only detected in the ground water and in
subsurface soil samples from beneath the wastewater treatment
ponds. As discussed above, there is no current risk from
exposure to contaminated ground water, and therefore, there is
no current risk from carbon tetrachloride at this site.

6.3 Environmental Impacts

The most environmentally sensitive portion of the site is
believed to be the Cold Creek Swamp. Sediment concentrations
and fish body burdens of mercury are both elevated in this
area. Potential exposure routes for aquatic and semi-aquatic
organisms include water, sediment and food chain pathways, with
the food chain exposure route predominating at higher trophic
levels. The U.S. Fish and Wildlife Service (USFWS) considers
the swamp to be a preferred habitat for the threatened American
alligator (Alligator mississippiensis). and the potentially
endangered Alabama Red-Bellied turtle (Pseudemys alabamensis).

Current data are not adequate to assess the exposed biota
populations or estimate exposure via all pathways and thus to
estimate potential risks to these populations. With the data
at hand, the potential for adverse affects to sensitive birds
and mammals, if these inhabit the wetland, cannot be ruled out.

6-6
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7. DETERMINATION OF APPLICABLE REMEDIAL

ACTION ALTERNATIVES

7.1 Description of Remedial Alternatives Screening Process

The principal objectives for any Remedial Investigation
(RI) are to provide to the greatest extent possible a complete
environmental characterization of the site and to determine the
extent and type of environmental contamination which has
occurred as a result of previous site activities. Information
obtained during the RI is used to determine whether
environmental contamination is confined to the site/source
area, or whether an off-site release of contamination has
occurred. The acquired information is used in the Feasibility
Study (FS) process, the purpose of which is to identify these
remedial technologies or combinations of remedial technologies
(i.e.. remedial alternatives) which are considered most cost-
effective, technically feasible and reliable, and which
adequately protect (or mitigate damage to) public health,
welfare and the environment.

The Feasibility Study for the Cold Creek/LeMoyne site will
be structured to follow as closely as possible the guidelines
established by the EPA as documented in Guidance on Feasibility
Studies Under CERCLA (June, 1985), and the new requirements of
the Superfund Amendments and Reauthorization Act of 1986. A
brief discussion of the Feasibility Study process follows.

The Feasibility Study will involve three steps: the
development of remedial response objectives for the site;
identification and initial screening of applicable remedial
technologies and development of alternatives; and screening of
remedial technologies and/or alternatives ultimately leading to
recommendation of a proposed remediation program which is
considered best suited for the site.

The remedial response objectives will be developed based
on the findings of the RI and the site risk assessment. This
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step generally involves the identification of those areas or
portions of the site which require remediation and a
determination of the extent of remediation to be attained.

The legally applicable or relevent and appropriate
requirements (ARARs) of federal and state laws will represent
institutional objectives for clean up of the site and form the
basis for remediation goals. If there are no ARARs associated
with a specific compound or medium, a health risk evaluation
will provide the basis for remediation goals.

Based on the remediation goals developed for the Cold
Creek/LeMoyne site, potential response actions will be
identified for each area that may require remediation. The
technology options associated with each general response action
will be specified. In accordance with SARA, these options will
include technologies that would provide a permanent solution
and alternative treatment or resource recovery technologies.
The identified technologies will be screened so that those
technologies that are not applicable to site conditions or not
technically feasible will be eliminated from further
consideration.

Those technologies remaining after the preliminary
screening will be used to develop remedial alternatives that
are effective and technically feasible for the site.

In accordance with the Interim Guidance on Superfund
Selection of Remedy (U.S. EPA, 1986), treatment alternatives
will be developed that range from "an alternative that, to the
degree possible, would eliminate the need for long term
management (including monitoring) at the site to alternatives
involving treatment that would reduce toxicity. mobility, or
volume as their principal element. In addition to the range of
treatment alternatives, a containment option involving little
or no treatment and a no action alternative..." will be
developed.

The potential alternatives will be screened in two phases
to determine which should be retained for a detailed
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evaluation. First, environmental and public health effects of
each alternative will be evaluated. Those alternatives that
would have adverse environmental or public health impacts will
be eliminated from further consideration. The second phase
will consist of an order of magnitude cost screening. The
alternatives remaining after the initial screening will be
grouped according to the level of public health and
environmental protection and reliability associated with each.
In accordance with SARA, a cost comparison will not be
conducted between treatment and nontreatment alternatives.
Those alternatives within each group which provide a
commensurate level of protection, yet have costs an order of
magnitude greater than the other alternatives in the same
group, will be eliminated from further consideration.

Those alternatives remaining after the initial screening
will undergo a detailed evaluation based on both non-cost and
cost criteria. The non-cost evaluation will begin with an
assessment of each alternative's feasibility and overall
effectiveness. Other non-cost criteria will include: the
criteria for selection of remedy in SARA § 121 (d);
environmental and public health impacts; and the interplay
between remedial technologies applied to different portions of
the site.

The cost evaluation will involve a comparative analysis of
the alternatives on the basis of present-worth costs for both
capital expenditures, and operation and maintenance
expenditures. In accordance with the current EPA costing
guidance, the costs will be estimated within an accuracy range
of -30 to +50 percent. While this range may appear large
compared to typical construction estimates, there are many
uncertainties and complexities associated with work involving
the cleanup of hazardous wastes. As described for the initial
screening evaluations, the cost comparison will be conducted
between treatment alternatives only.

To summarize the data compiled during the detailed
evaluation, pertinent information involving both cost and
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non-cost criteria will be presented in tabular form. This will
facilitate the overall evaluation and selection process by
presenting the key differences between each of the alternatives
in a clear and concise manner.

The Feasibility Study will conclude with recommendations
for remedial action based upon the results of the detailed
analysis of alternatives.

7.2 Remedial Alternatives Selected for Consideration

The Remedial Investigation of the Cold Creek/LeMoyne site
has identified the areas on site which are considered as
potential contaminant source areas requiring some form of
remediation. These areas include the former Halby pond (Area
I), the old carbon tetrachloride (CTC) plant wastewater
treatment pond (Area II), the old carbon disulfide plant
wastewater treatment pond (Area III), and the Cold Creek old
neutralization pond (Area IV). Each of these areas presents a
specific set of circumstances with regard to the type and
extent of environmental contamination and the requirements for
suitable remedial action.

The general response measures identified below are based
on site conditions, information obtained during the Remedial
Investigation, and the risk assessment. The following
potential general response measures are identified:

• No Action - A no-action response provides a baseline
assessment for comparison with other alternatives
that contain greater levels of response. An
alternative involving no action may be considered
appropriate when an alternative response action may
cause a greater environmental or health danger than
the no-action alternative itself. An evaluation of
the no-action response is required as part of the
feasibility study process. In some cases, the
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no-action response may include some limited form of
action, such as periodic sampling and analysis.

• Containment - Containment measures include various
technologies which contain and/or isolate the
constituents of concern on site. These measures
provide isolation and prevent direct exposure with or
migration of contaminated media without disturbing or
removing the waste from the site. Containment
measures generally consist of measures which cover,
seal, chemically stabilize or provide an effective
barrier against specific areas of contamination.

• Withdrawal/Collection - Collection of contaminated
ground-water may be achieved via withdrawal
techniques such as pumping or gravity drainage.
Water treatment may be required in conjunction with
withdrawal/collection actions to reduce contaminant
levels in the extracted liquid, thereby allowing its
discharge. Treatment techniques include chemical,
biological, or physical removal systems. The
existing extraction and treatment system will be
evaluated and modifications proposed if appropriate.

• Removal - Removal measures may be undertaken to
remove contaminated media such as soils from the
site. Implementation of a removal measure requires
proper treatment and/or disposal of the soil, either
on site or at an approved off-site waste disposal
facility. Replacement of the media to restore the
site is necessary with a removal action. Removal
measures may be used to effectively remove the
contaminated media from the site; however, a
significant short term exposure hazard during
remedial action implementation will occur.
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• Treatment - Various in-situ. or in-place, treatment

methods will be considered which are effective in
detoxifying the waste material without having to
excavate it or remove it from the site.

Each of the general response measures will be considered
for each of the individual areas of concern during the
Feasibility Study. Technologies applicable to each response
measure will be identified and screened as previously
discussed. Remedial- alternatives for the entire site will be
developed from these technologies and evaluated. The remedial
alternative recommended at the conclusion of the Feasibility
Study will contain components which address each individual
area of concern.

7-6
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8. SUMMARY

As discussed in Section 1 of this report, the objectives
of this Remedial Investigation were to characterize the nature
and extent of contamination at the site and to identify
contamination sources, pathways of migration, and potential
adverse environmental impacts. In order to accomplish these
objectives, a substantial amount of data pertaining to the
site-area geology, hydrogeology, surface-water drainage as well
as soil, surface-water, and ground-water quality has been
collected and evaluated. The findings of the RI are summarized
as follows.

Fourteen potential contaminant source areas on the site
were investigated during the RI. These potential sources were
initially identified in CDM's Work Plan and include the nine
ponds or lagoons, four of which are active, three closed
landfills, and the Cold Creek and LeMoyne Swamps (see Figure
ES-1 for locations). A summary of the information presented in
Section 5, which is a description of the sampling and analysis
program, is included in Table 8-1. This table shows the major
contaminants found in soil samples collected from beneath each
potential source, the range of concentrations (minimum to
maximum) of each major contaminant, and the levels of any
contaminants in the nearest downgradient well samples. Based
on the results presented in Section 5 and in Table 8-1, a
summary of the findings and conclusions regarding the nature
and extent of contamination at each of the potential source
areas is presented as follows.

1. LeMoyne Landfill - Only background levels of heavy
metals were found in any of the soil samples
collected form the 8 borings installed beneath the
LeMoyne landfill. The median level of the hazardous
contaminant found (mercury) was less than 0.1 mg/kg,
which is within the common range for natural soils
and less than the level of mercury found in the
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T^BLE 8-1

POTENTIAL AREAS OF SOURCE CONTAMINATION AND DOWN GRADIENT GROUND WATER DATA

oo
I
N)

1 Area

1. LeMoyne landfill

2. Cold Creek (CC) North Landfill

3. CC South Landfill

4. CC LeCreek Pond

5. LeMoyne LeCreek Pond

6. New Carbon Tetrachlorlde (CTC)
Plant WWT Pond

7. CC Old Neutralization Pond

8. Halby Treatment Pond

9. Old CTC Plant WWT Pond

10. Old Carbon Dlsulflde Plant
WWT Pond

11. Old' Chlorine Plant WWT Pond

12. LeMoyne Acid Plant WWT Pond

13. Cold Creek Swamp

14. LeMoyne Swamp

Potential Contaminants in Nearest
Major Contaminant (s)*

Mercury

Mollnate
Mercury

Mollnate

Thiocarbamates

Chloride

None

Thiocarbamates

Thlocyanate

Carbon Dlsulflde (CS2)
Carbon Tetrachlorlde

CS2
CTC

Mercury

Iron

Mercury

Mercury

Range mg/kg

ND to 1.9

BMDL to 1.5
BMDL to 0.6

ND to 0.1

ND to 0.2

ND to 240

-

ND to 25

ND to 2.480

ND to 0.016
ND to 0.001

ND to 0.008
ND to 0.685

1.4 to 24

2800 to 25,000

BMDL to 690

0.11 to 0.28

Down Gradient Ground Water mg/1

0.25 Carbon Tetrachlorlde

0.024 Mollnate

0.23 Mollnate

0.23 Molinate

367 Chloride

169 Chloride

0.23 Mollnate

6 Thlocyanate

298 Carbon Tetrachlorlde
55 Carbon Dlsulfide

298 Carbon Tetrachlorlde
55 carbon Dlsulfide

159 Cl

0.0003 Carbon Dlsulfide

None

0.002 Carbon Dlsulfide

Well Number

HIM- 1

CCM 7

CCM- 4

CCM- 4

0-49

0-65

CCM 4

0-79

0-29/0 31

0-29/0 31

0-73

CNA-3

SCC- 050

CNA 14

CD

CD

CD
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background soil sample. The corresponding
downgradient well. NM-1. showed no mercury.

Carbon tetrachloride (CTC) was not found in the soil
borings installed beneath the LeMoyne landfill, but
it is seen at 0.25 mg/1 in the ground water at well
NM-1. CTC is known to be a localized ground-water
contaminant that is extensively controlled in this
area by the high withdrawal rate wells operated by
Courtaulds North America (CNA) for industrial water
supply. CNA usage dominates the local ground-water
flow pattern, producing a gradient generally to the
southwest with respect to well NM-1. To the south of
NM-1. CNA withdrawl wells show levels of CTC ranging
from non detectable to 0.0007 rag/1. If in the
future, the CNA system were to be curtailed, modified
or abandoned, there could be a need to install an
additional interceptor system well to assure capture
of the low levels of CTC in this area. However, in
the opinion of Stauffer's staff geologist who has
evaluated this data, the direction of ground-water
flow in the absence of CNA pumping would tend to
revert to the normal area flow pattern, which is
toward the Mobile River.

The Safe Drinking Water Committee (National Academy
of Science. Drinking Water and Health) determined
that the estimates of lifetime risk foe humans
ingesting 1 X 10~ mg carbon tetrachloride/1 of

— 8water are 4.5-5.4 X 10 with 95% upper confidence
limits of 1.0-1.1 X 10~ . Even though the water in
well NM-1 contained levels of carbon tetrachloride
which exceeded 1 X 10~ mg/1. there should be no
risk to humans because this water is not anticipated
to be ingested by humans or exposed to wildlife. In

8-3
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fact, carbon tetrachloride levels were below 1 X
10~ rag/1 by the time the water reached well CNA-11.

2. Cold Creek North Landfill - Most of the site-specific
compounds analyzed for in the soil samples collected
from this landfill were less than 1 mg/kg (see Table
5-2 in Section 5). The median level of molinate. the
compound most frequently detected, was 0.1 mg/kg.
Molinate was found in the downgradient well. CCM-7,
at a level of 0.024 mg/1. This water is not
available for ingestion by humans or other living
organisms. Moreover, the mean raolinate levels for
all wells are below the proposed safe drinking water
level of 0.2 mg/1 (see Appendix XIX). Based on these
low findings, this area is not considered a
significant source of contamination.

3. Cold Creek South Landfill - As with the North
landfill, no priority pollutants were found in the
South landfill other than heavy metals within the
common range for natural soils. Moreover, no
site-specific compounds were found in soil borings
under this area. For these reasons, this area is not
considered a contaminant source.

4. Cold Creek LeCreek Pond - No priority pollutants
except for heavy metals within the common range for
natural soils were found. Moreover, except for two
samples which contained thiocarbamates at or slightly
above their limits of detection, no site-specific
compounds were found in the soil samples collected
from beneath the Cold Creek LeCreek pond. Based on
these findings, this area is not considered a
contaminant source.

5. LeMoyne LeCreek Pond - Of the 10 soil samples
analyzed for site-specific compounds, one showed a

8-4
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level of 240 mg/kg chloride, which is within the
common range for natural soils. Two other soil
samples contained low levels of chloride, and the
remaining seven samples were non detectable for
chloride. Because the heavy metals and chloride
concentrations found beneath the LeMoyne LeCreek pond
were within the common range for natural soils, this
area is not considered a contaminant source.

6. New Carbon Tetrachloride Plant WWT Pond - No
site-specific compounds were detected, and no
priority pollutants other than heavy metals within
the average range for natural soils were found
beneath this area. Therefore, the new carbon
tetrachloride plant WWT pond is not considered a
source of contamination.

7. Cold Creek Old Neutralization Pond - Seven of the 10
soil samples analyzed for site-specific compounds
contained thiocarbamates. The median level for each
of the six thiocarbamates analyzed for varied from
non detectable to 0.25 mg/kg. However, the closest
downgradient well, CCM-4, showed thiocarbamate levels
ranging from below the mean detection limit to 0.23
rag/1. Whereas the data could indicate that this area
is a probable source of thiocarbamate contamination,
only one thiocarbamate, molinate, was found in the
ground water at 0.23 rag/1. The other thiocarbamates
were present at 0.004 rag/1 or less. Furthermore, at
wells further downgradient, molinate is non
detectable or present at detection-limit levels.
Thus, although the Cold Creek old neutralization pond
may be a source of thiocarbamate contamination,
ultimately, the existing ground-water intercept
system is capturing these trace amounts.

9-5
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The raolinate level of 0.23 mg/1 exceeds the proposed
safe drinking water level of 0.2 mg/1. However.
water containing 0.23 mg/1 molinate is not
anticipated to be ingested by humans or other living
organisms. In fact, as mentioned above, molinate
levels were much lower (0.01 mg/1 to below detection
limits) in the next most immediate downgradient wells

8. Halby Treatment Pond - Soil sampling at the HCC site
was made within the area formerly occupied by a small
pond. One boring, HTP-1, encountered apparent waste
material and was discontinued at that point.
Analysis of this waste showed high levels of copper
(440 mg/kg), zinc (1170 rag/kg) and cyanide (240
mg/kg). A second boring within the pond and an
angled bore beneath the pond were both at background
levels of copper and zinc and had no detectable
levels of cyanide. Site-specific sampling detected
elevated levels of thiocyanate (see Table 5-5) in all
three borings. Sodium thiocyanate has a low acute
toxicity (LD for rats is 764 rag/leg's Sax, 1979).
A low level of thiocyanate (6 mg/1) was detected in
downgradient ground water at well 0-79. No other
site-specific compounds were found in the ground
water. Based on these findings, this area is
presumed to be the probable source of thiocyanate
found in ground water.

Old Carbon Tetrachloride Plant WWT Pond - Although
only low levels of carbon tetrachlor ide and carbon
disulfide were found in soil samples under this pond,
downgradient wells, 0-29 and 0-31, showed high levels
of these two contaminants. These levels of carbon
tetrachloride (298 mg/1) and carbon disulfide (55
mg/1) are not considered safe for ingestion by humans
or other living organisms. However, because the

8-6
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existing withdrawal and treatment systems preclude
access to this ground water, there is virtually no
risk to humans or other organisms. The ground-water
intercept system, which has been operating since
1981. controls ground-water flow in this area. Low
levels of these compounds are evident at CNA wells
south of the site property line probably because of
migration prior to the installation of the intercept
system (see Figure 5-7). The CNA system serves to
effectively purge the area of any small residual
quantities.

10. Old Carbon Bisulfide Plant WWT Pond - This pond is
similar to. and located adjacent to. the old carbon
tetrachloride WWT pond. The discussion presented
above in (9) regarding the old carbon tetrachloride
WWT pond would apply to this pond as well.

11. Old Chlorine Plant WWT Pond - Two soil samples from
below the pond area showed moderate levels of mercury
(1.4 and 24 mg/kg) and levels of chloride up to 1200
mg/kg. At the downgradient well. 0-73, mercury is
non detectable and chloride is within normal limits
at 159 mg/1. On this basis, the old chlorine plant
WWT pond does not appear to represent a source of
contamination to ground water, which is the only
potential route of exposure.

12. LeMoyne Acid Plant WWT Pond - Soil samples from"
beneath the pond contain only high levels of iron (up
to 24.500 mg/kg). The only finding in the nearest
downgradient well, CNA-3. was 0.0003 mg/1 carbon
disulfide (CS_). The acid plant pond has no
relationship to CS , and hence it would not appear
to be a source of contamination.

8-7
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13'. Cold Creek Swamp - In addition to the high levels of

mercury found in the swamp soil, low levels of
thiocarbaraates were also found (median level was
0.25 mg/kg). As discussed previously, the mercury
present is probably in the sulfide form and is
therefore immobile and insoluble. Analysis of
downgradient ground water at well SCC-050 did not
detect either mercury or thiocarbamates.
Furthermore, no mercury was found in ground water
anywhere on the entire site. It is concluded,
therefore, that the Cold Creek Swamp is not a source
of contamination to ground water.

Fish samples were collected at five swamp locations.
Because of the very small individual fish size, an
aggregate sample was taken, and analysis was
performed on a homogenate i.e.. whole fish. The
range of mercury found was 0.59 mg/kg to 3.1 mg/kg
for four locations, while a fifth point (BA-5) was
considered a background sample and showed
0.42 mg/kg. Whereas the range may exceed the PDA
established action level of 0.5 rag/kg for the edible
portion of fish tissue, many of the fish were forage
fish and unlikely to be eaten. The game fish found
at the site were generally juveniles. Some of these
may make their way to the Mobile River, and with
lower ambient mercury concentrations, body burdens
would decline over time because of growth and
depuration. Human consumption of fish contaminated
from the site but caught in the river is considered
to be very unlikely.

14. LeMoyne Swamp - Soil/sediment samples were comparable
to background levels for all heavy metals. The
closest downgradient well, CNA-14, showed 0.002 mg/1
of CS_. but this may be attributed to contaminants
present prior to closure of the LeMoyne landfill
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which is also upgradient to the well. Because the
compounds detected in soil from beneath the LeMoyne
landfill where all within the average range for
natural soils, this area is not considered a
contaminant source.

8-9
2395G PG-361-740



3 10 00178 GENERAL REFERENCES

Alesii. B.A. and W.H. Fuller (1976). The mobility of three
cyanide forms in soils. pp. 213-223. In: Residual
Management by Land Disposal. W.H. Fuller, ed., EPA,
Cincinnatti. Ohio. PB 256768. 268 p.

American Conference of Governmental Industrial Hygienists
(ACGIH) (1980). Documentation of the Threshold Limit
Values. 4th ed. Cincinnati. Ohio.

Bariliak. I.E., I.A. Vasileva and L.P. Kalinovskaia (1975).
Effect of small concentrations of carbon disulfide and
hydrogen disulfide on intrauterine developments in rats.
Arkh. Anat. Gistol. Embriol. 68(5):77-8l.

Broderius. S.J. (1973). Determination of molecular hydrocyanic
acid in water and studies of the chemistry and toxicity to
fish of metal-cyanide complexes. Ph. D. Dissertation.
Oregon State Univ., Corvallis, Ore. 287 p. Available from
Univ. Microfilms International. No. 73-21299. Ann Arbor,
Michigan.

Broderius. S.J. (1977). Personal Communication concerning the
fate of cyanides in the aquatic environment. EPA Grant R
805291. December 8. 1977. Univ. of Minnesota. St Paul.

Cameron, G.R.. C.R. Doniger and A.N.M. Hughes (1939). The
toxicity of lauryl thiocyanate and
N-butyl-carbitolthiocyanate (Lethane 384). J. Path.
Bacteriol. 49:363-379.

Camp Dresser and McKee, Inc. (1985). Final Work Plan for
Stauffer Chemical Cold Creek and LeMoyne Sites, Remedial
Investigation/Feasibility Study, Mobile County, Alabama.

Carr. R.A. and P.E. Wilkness (1973). Mercury: Short term
storage of natural waters. Environ. Sci Technol. 7_:
62-63.

Doudoroff. D.. e_t a_l. (1966). Acute toxicity to fish of
solutions containing complex metal cyanides, in relation
to concentration of molecular hydrocyanic acid. Trans.
Am. Fish. Soc. 95:6.

Doull. J.. Klaassen. C.D.. and Aradur. M.O., eds. (1980).
Casarett and Doull's Toxicology: The Basic Science of
Poisons. 2nd ed. MacMillan Publishing Co.: New York.
778 p.

EPA (1979). . Water-Related Environmental Fate of 129 Priority
Pollutants. Vol. I: Introduction and Technical
Background, Metals and Inorganics, Pesticides and PCBs.
EPA PB 80-2004373.

2526G PG 361-740



3 10 00179
GENERAL REFERENCES (Continued)

EPA (1979). Water-Related Environmental Fate of 129 Priority
Pollutants: Vol. II. Halogenated Aliphatic Hydrocarbons.
Halogenated Ethers. Monocyclic Aromatics. Phthalate
Esters, Polycyclic Aromatic Hydrocarbons. Nitrosamines.
and Miscellaneous Compounds. EPA PB 80-204381.

EPA (1980). Office of Water Regulation and Standards, Criteria
and Standards Division EPA 440/5-80-037.

EPA (1984a). Health Assessment Document for Chromium.
Environmental Criteria and Assessment Office. Research
Triangle Park. NC. EPA-600/8-83-014F.

EPA (1984b). Mercury Health Effects Update. Health Issue
Assessment. Office of Health and Environmental
Assessment. Washington D.C. EPA-600/8-84-019F.

EPA (1984c). Health Effects Assessment for Mercury. Office of
Research and Development. EPA 1540011-861042. September.
1984.

EPA (1984d). Health Assessment Document for Carbon
Tetrachloride. Office of Research and Development; Office
of Health and Environmental Assessment.
EAP-600/8-82-001F, September. 1984.

EPA (1984e). Health Effects Assessment for Carbon
Tetrachloride Office of Research and Development. Office
of Health and Environmental Criteria. EPA/540/1-86-039.
September, 1984.

EPA (1985). Drinking Water Criteria Document for Cyanides
(Final Draft). Environmental Criteria and Assessment
Office. EPA-600/5-84-192.

EPA (1985). The Endangerment Assessment Handbook. Office of
Waste Programs Enforcement. Washington D.C.

EPA (1986). Superfund Public Health Evaluation Manual. EPA
540/1-86/060 October. 1986.

ERT (1985). Hydrogeologic Investigation.

Geological Survey of Alabama (1968). Geology of the Alabama
Coastal Plain. Circular 47.

Geological Survey of Alabama (1972). Water Availability in
Mobile County, Alabama. Map 121.

2526G PG 361-740



3 10 00180 GENERAL REFERENCES (Continued)

Oilman, A.G.. L.S.. Goodman and A. Oilman (1980). Goodman and
Oilman's The Pharmacological Basis of Therapeutics. 6th
ed. MacMillan Publishing Company. Inc.: New York.

Gosselin, R.E.. H.C. Hodge and R.P. Smith (1984). Clinical
Toxicology of Commercial Products. 5th ed. The Williams
and Wilkins Company: Baltimore, M.D.

Groundwater Associates, Inc. (1978). Hydrogeological
Investigation of Ground Water Contamination.

Groundwater Associates. Inc. (1979). Hydrogeological
Investigation of Ground Water. Report No. 2.

Hammond. P.B., and Beliles, R.P. (1980). Metals. In Boull,
J. . Klaassen, C.D., and Andur, M.D.. eds. Casarett and
Doull's Toxicology. 2nd ed. MacMillon: New York,
p. 409-467.

Hickman and Owens (1978). Soil Survey of Mobile County.
Alabama.

International Agency for Research on Cancer (IARC) (1979).
IARC Monographs on the Evaluation of Carcinogenic Risk of
Chemicals to Man. Vol. 15: Carbon tetrachloride. World
Health Organization, Lyon. France.

Klaassen. C.D.. M.O. Amdur, and J. Doull, eds (1986).
Casarett and Doull's Toxicology: The Basic Science of
Poisons. 3rd ed. Macmillan Publishing Company: New York.

McConnell, G., D.M. Ferguson and C.R. Pearson (1975).
Chlorinated Hydrocarbons and the environment. Endeavor
(XXXIV): 13-18.

National Institute for Occupational Safety and Health (NIOSH)
(1976). Criteria for a Recommended Standard-Occupational
Exposure to Chlorine. Washington, D.C. DHEW Publication
No. (NIOSH) 76-230.

National Research Council (NRC) (1982). Drinking Water and
Health. Vol 4. Safe Drinking Water Committee. National
Academy Press: Washington D.C.

Neely. W.B.. D.R. Branson and G.E. Glau (1974). Partition
Coefficient to measure bioconcentration potential of
organic chemicals in fish. Environ. Sci Technol. 8.:
1113-1115.

2526G PG 361-740



7 in n n
GENERAL REFERENCES (Continued)

Ohkawa. H. R. Ohkawa. I. Yamamoto and J.E. Casida (1972).
Enzymatic mechanisms and toxicological significance of
hydrogen cyanide liberation from various organo
thiocyanates and organonitriles in mice and houseflies.
Pesticide Biochera. Physiol. 2.:95-112.

Pearson, C.R. and G. McConnell (1975). Chlorinated Ci and
€2 hydrocarbons in the marine environment. Proc. Roy.
Soc. London B. 189: 305-322.

Prickett. T., Kayraik. T., and Lannaquist C. (1981). A
"Random-Walk" solute transport model for selected ground
water quality evaluations.

Ramamoorthy. fr. and B.R. Rust (1976). Mercury sorption and
desorption characteristics of some Ottawa River
sediments. Can J. Earth Sci. 13: 530-536.

Reimers. R.S. and P.A. Krenkel (1974). Kinetics of mercury
adsorption and desorption in sediments. Jour. Water Poll.
Control Fed. 46 (2): 352-365.

Riccio. J.F., Martin. J.D.. and Lamb, G.M. (1973). Development
of a Hydrologic Concept for the Greater Mobile
Metropolitan-Urban Environment. Geological Survey of
Alabama. 171 p.

Sax. E.J. (1984). Dangerous Properties of Industrial
Materials. 6th ed. Van Nostrand Reinhold Co; New York.

Sittig, M. (1981). Handbook of Toxic and Hazardous Materials.
New Jersey: Noyes.

Smyth. H.F.. Smyth. H.F.. Jr.. and Carpenter, C.P. (1936). The
chronic toxicity of carbon tetrachloride: Animal exposure
and field studies. J. Ind. Hyg. Toxicol. 18:277-298.

Spyker, D.A., A.G. Gallonosa and P.M. Suratt (1982). Health
effects of acute carbon disulfide exposure. J. Toxicol.
Clin. Toxicol. 12:87-93.

Stauffer Chemical Co. (1987). Cold Creek and LeMoyne Sites
Remedial Investigation, Mobile County. Alamaba. Rev. l
July 1987 Draft Report.

Thorn. N.S. and A.R. Agg (1975). The breakdown of synthetic
organic compounds in biological processes. Proc. Roy.
Soc. London B 189; 347-357.

2526G PG 361-740



3 10 00182 GENERAL REFERENCES (Continued)

U.S. Department of Commerce (1980). 1980 Census of Population
and Housing Alabama. U.S. Department of Commerce, Bureau
of Census. PHC80-V-2.

Verschueren. K. (1977). Handbook of Environmental Data on
Organic Chemicals. Van Nostrand/Reinhold Press. New
York. 659 p.

von Oettinger, W.F.. W.C. Hueper and W. Deichmann-Grubler
(1936). The pharmacologic action and pathologic effects
of alkyl thiocyanates in relation to their chemical
constitution and physical chemical properties. J. Ind.
Hyg. Toxicol. 18:310-336.

Weisburger. E.K. (1977). Carcinogenicity studies on halogenated
hydrocarbons. Environ. Health Perspect. 21:7-16.

2526G PG 361-740



3 10 0 0 1 8 3

APPENDIX I
LIST OF PROPOSED SAMPLES AND LIST OF

SAMPLES ACTUALLY COLLECTED
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SWAMP SAMPLES - PHASE TWO

TABLE'4-! A
%

ANALYTICAL PARAMETERS"

SAMPLE NO.
AS SHOWN
ON FIGURES
4-2 AND 4-2A
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V\TtLL SAMPLED U>OUHUE7 TABLE V- i
ANALYTICAL PARAMETERS

SAMPLE NO
AS SHOWN
ON FIGURE

O.H.W
0,11. 11L

0-1V1W

0.40-1*
0-4$. 1M

3-S1.1M

Q-SS-lM
0-7J-1K

•K-Z

OA «»•«??

17 17 17 17 17 17 17



POND & LAGOON SAMPLES TABLE W
ANALYTICAL PARAMETERS

aAMPLENO.
A3 SHOWN
ON RQURE3

Cold Crtti »a<x

CCIMS iorlM 1

i. 40' or SU-
IorlM t
BorlM

014 C> »l*nt MWT

I I I
I I I I I ' i I I I I I

JLL

CTC
OCTC-IS ! IS lm i
nrrr.n

Old (SO*««S*

I ! I I I
I I

CoU Crtt> Miff »o»X
•<«• CTC
Lt^BTtt* Crt«t WXT »Pfld

9A Saultl

TOT U.

MTT- Wlttl Wttr
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LANDFILL SAMPLES TABLE 4-4
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Project

1 Batch 11
2
3
4
5
6 _______
7
8
9
}0
11
1?
13
11
15
16 _______
17

19 ________
20
21
22 Batch 12
23
21 _______
25 ______
26
27 ______
28
29
30
31 ________
32
33

35
36 _______
37
38 Batch 13
39
40
11
42
43

45
46
47
48
49
50

OC/Le
_______ EHC SI

Area 8105
Area 8105
Area 8105
Area BIOS
Area 8106
Area 8105
Area 8105
Pond. 8105
Pond. 8105
Pond. 8105
Pond. BIOS
Pond. 8105
Pond. 8105
Pond. 8105
Pond. 8105
Pond. 8105
Pond. 8105
~̂T •!"*

Swamp 8105
Swamo 8105
Swamp 8105
Swamp 8105
Swamp 8105
•***P 9105

Sunup 8105
Swamp 8105
Swamp 8105
Swamo 8105
Swamp 8105
Swamp 8105
Swro 8105
Swamo 8105
Swamp 8105
Swamo BIOS
Swamp 8105
Swamp 8105
Swamo BIOS
Swamp 8105
Swamp BIOS
Swamp BIOS
Swamp BIOS
Swamp BIOS
Swam£ BIOS
Swamp 8105
Swamp BIOS
Swamp BIOS
Swamp BIOS
Swamp BIOS
Swamp BIOS

1
2
3
1
5
6
7
8
9
10
11
12
I?
14
18
16
17
13
19
2Q
21
22

24
25
26
27
?8
29

31
32
33
31
35
36
37
38
39

41
1?
43
44
45
46
4,7
48
49
SO

Water
Water
Water

Water

Water
Water
Water
Water
Water
WaUr
Water
Water
WaUr

WaUr
Soil

Soil
, Water
Soil
SoU
SoU
SoU
SoU
Soil
Soil
Soil
89tl
Soil
SoU

SoU
Soil
SoU
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
§9»i-

Code Comment.

SCC-CC-12
SCC-017
SCC-05
SCC-050
SCC-014
SCC-018
SCC-016
CCM-7-1
CCH-7-1 duo 8
CCM-7-1 Spike ft
CCM-7-1 Blank

Blank. »
H4-1
M4-2
MCTC
LLP
CCLP
SW-01-1.
SW-ll-lw
SW-ll-U —
SH-01-lw
IS-4S
IS- IS
LS-23
LS-33
CCS-13
CCS-1S duo 26
CCS-2S
CCS-2-1B
CCS-2-1W
CCS-3S
CCS-3-1W
CC8-3-1B

CCS-4-1B
CCS-4-2B
CCS-4-3B
CCS-4-3W
CCS-4-2W
CC3-4-1W
CCS-5-2W
CCS-5-1W
OCS-5-2B
CCS-5-IE
CCS-6-1B
OCS-6-1W
OCS-6-1W Duo 46
CCS-6-2W
CCS-7-3W
CCS-7-2W

DATE

5/5/86
5/5/86
5/5/86
5/5/86
5/5/86
5/6/86
5/5/86
5/5/86
S/S/86
5/5/86
5/5/86
6/5/86
5/5/86
5/5/86
5/5/86
5/5/86
5/5/86
5/5/86
5/5/86
5/6/86
5/5/86
6/15/86
5/15/86
6/16/86
5/15/86
6/15/86
5/15/86
5/15/86
6/15/86
5/15/86
5/15/86
5/15/86
5/1S/W
5/15/86
5/15/86
5/15/86
5/15/86
6/16/86
5/16/86
5/16/86
5/16/86
5/16/86
5/16/86
5/16/86
5/16/86
5/16/86
5/16/86
J>/ 16/86
5/16/16
5/16/86

PD
DD
BP
PP
DD
DD
DD
DD
PP
DD
DD
PP
PP
DD

.. PS
DD
DD

DD metal.
DD voa
DD voa
DD metal.

PP
PP
PP
PP

DD

PP

PP

PP.

ff »ti«»i
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Cl
Cl
Cl
Pi
ci
Cl
Cl
Cl
ciPiPIPIPI

ClPi
Cl
ClPi
Cl

Pi
Pi

"•»— " ———————————
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SCN

He
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He
He

He
He
He
He
He
Hi
He
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He
He
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CS2
CS2
CS2
CS2
CS2
CS2
CS2 CTC

CS2 CTC
CS2 CTC
CS2 CtC
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CS2 CTC

—————————— CH-

Th OP — *
Th OP (—>
Th OP
Th OP
Th CP °
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Th OP — >
Th OP vr>
Th_ PP__
Th OP v-'
Th OP
Til OP
Th OP
Th OP
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Th

Th
Th
Th
Th

Th

Th
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Protect CC/I«

Prirrlr fisnd out tx> Environmental Testing a

DATE

nd Certification CN>

Analvte* _ ^
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51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
71
75
76
77
78
79
80
81
82
83
84
as
86
87
88
89
90
9}
92
93
94
95
96
97
98
99

•00

SUBBD 8105 51
SMUBP 8105
SMuap 8)05

Batch 4 SUMD 8105
SMUBD 8105
SMUBP 8105
SVB4D BIOS
Sw^p BfOS
Si«p BIOS
Suaan BIOS
SMUB 8105
SHBM> 8105

Batch 5 Area 8105
Area 8105
Area 8105
Area 8105
Area 8105
Area 8105
Area, 8105
Are* 8105
Am 910}
Area 8105
Area 8105

Batch 6 Ponda 8105
Ponda 8105
Ponda 8105
Ponds 8105
Ponda 8105
Ponds 8105
Ponds 8105
Ponda 8105
Ponds 8105
Ponda 8105
Area 8105
Area 8105
Ponda 8105
Ponda 8105
Ponda 8105
Ponds 8105
Ponda 8105
Ponda 8105
Ponda 8105
Puntia 8105

Dutch 7 Area 8IO6
Area 8106
Area 8106
Area 8106

__. Area ..8106

52
S3
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
7J
74
76
76
77
78
79
80
8|
82
83
84
85
86
87
88
89
90
91
92
93
91
95

1
2
3
4
5

Soil
Soil
Soil
Soil
Soil

CCS-7-1W
CCS-7-1B
CCS-7-2B

CCS-7-3B
Soil CCS-7-4B
Soil CC3-7-5B
Soil CCS-7-6B
Soil CCS-8-1H
Soil
Soil
Soil
Soil
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water

CC3-8-1B

6/16/86
5/16/86
5/16/86

Blank 5/16/86
5/20/86
5/20/86
5/20/86
5/20/86
5/20/86
6/20/86

Ha

Ha
Ha
Ha
Ha

Ha
Ha

——————— t_->

CD
t — j

v

VO
— *

CCS-8-2B 5/20/86 Ha
CCS-8-3E 5/20/86 Ha
CCS-8-4B
SCC-022
SCC-023
SCC-051
SCC-24
SOC-25
SOC-08
SCC-79
3CC-080
SCC-079
8CC-079
SCO-079
SCC-079
0-58
0-64
O-6S
0-49
OCM-4
0-73
0-32
O-39
0-39
0-3^
SCC-52
SCC-78
0-39

0-41
0-45
0-31
0-2?
0-29

SOCIM-7
SCC1M-\0
SOCIW-5
SCCl>1-6
C^AM-30

5/20/86
5/21/86
5/21/86
5/21/86
6/21/86
5/21/86
6/21/86
5/21/86
5/21/86

Spike 70 5/21/86
duo 70 5/21/86

Blank 6/21/86
Blanke n> 5/21/86

6/28/86
5/28/86
5/28/86
5/28/86
5/28/86
5/28/86
5/28/86
5/28/86

Spike 83 5/28/86
Am A3 5/28/86

5/28/86
5/28/86

Blank 5/28/86
Blank spi 5/28/86

6/28/86
5/28/86

Split CDM 5/28/86
Split CDM 5/28/86
CDM Spike 5/28/86
CDM Blank 5/28/86

6/3/86
1 6/3/86

6/3/86
6/3/86
6 '•> '86

X

Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl

Cl
Cl
Cl
Cl
Cl

Ha
Ha
Ha
Ha

SCN

SCN HO
SCN HQ
SCN HO
SCN HQ
SCN HO
SCN HG

HG
HQ
HG
HQ
HG
HO
HO
HG
HG
HG
IB
IB
HG
HG
HG
IB
IB
IB
IB
IB
IB
IB
IB
IB
IB

C32
CS2
CS2
CS2
CS2
CS2
CS2
052

CS2«
CS2
CS2
CS2
CS2
CS2
CS2
CS2
CS2
CS2
CS2
CS2
CS2
C32
CS2
CS2
CS2
CS2
(52
CS2
CS2
CS2
CS2
C32
CS2
CS2
CS2
CS2
CS2

CTC
CTC
ere
CTC
CTC
CTC
CTC
CTC
CTC
CTC
ttt
***
CTC
CTC
CTC
crc
CTC
CTC'
CTC
CTC

Th
Th
Th
Th
Th
Th

Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th.
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th
Th

OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
op
OP
OP
OP
OP
OP
OP
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Project OC/Le DATE Analytes
OJ

301
302
303
304

306
307
308
309
310
311

Ponds 8110
Ponda 8110
Ponds 8110
Ponda 8110

t, 21 SUMD 9282-

SMUD 9282-
SUBMD 9282-
Sv*uu> 9282-
SUBK> 9282-
SMBB 9282-

22
23
24
25
1

__ 2_
__ J_

4
?
?
7

Soil
Soil
Soil
Soil
Ftah
Ftth
Ftth
Ft^
PHh
Pi«hn*

WTP-33 10
mV-33 20'
HTP-3S 30'
lfTP-33 40'
BA 11
BA 11
BA 12
BA 13
BA 14
BA 15

DUP

DUP

BLAMC

8/6/86
8/6/86
8/6/86
8/6/86
8/12/86
8/12/86
8/12/86
8/12/86
8/12/86
8/12/86
8/12/86

SCN
SCN
SCN
SCN

Hff
He
Ha

Ha
Ha
Ha

<— >

———————————————— CD
CD
_ i.

——————————————— \O
o\

Th(ThiocarhmiiateB) .OtMOrganortotiphateBl .CTC(CarU>o Tetntohloride) .ppUPriority Pol lutantBl
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APPENDIX II

TOTAL PRIORITY POLLUTANT RESULTS

2468G G361-740
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Cold Cmk/leteyoe U/B, Veil SMplet (Source) ; taalytii by hrineieaUl Teitiai ud Certification

3 10 0 0 2 0 1
3upl« 1.0. : ApproxiiaU I10S lift
Deicrptioa : Detectioa 1 2

liiit 3CC-CM2 SCW1T-H
Coaceatratioa

I10S I10S 110S ll« I10S
1 4 J I T

SCC-05-IV tt-OSO SCC-014 SCC-411 3CC-01C

Coaponad

Volatile Cotpouadi

icnleia
Acryloaitrile

Beateat
bii(Cklorot*tayl)etker

Broaofora
— - C&rboa Tetradloridt

Calonbeauae
CklondibroaoaetaiM

aioroetiue
2-aioroetaylriayl etier

Calorofon
DicalorobroaoMtaaat

Dicalondifluoroaethaoe
1,1-Oicaloroetaaaa
1,2-OicklonetaiM

l,l-3ickloroetkyliM
1,2-DiekloropnpaM

cii-1 , J-Oicaloropropyleat
ItkylbtaoM

htkyl braid*
fctayl ckloriaa

— letkylta* ckloridt
1,1,2,2-TetracfclonetkyLeM

Tetracklomtkyleat
— TolneM

1 , 2-Tnu-dicaloroetkyleat
1,1,1-TricaloroetktM
1,1,2-TrickloroataaM

— Triealoroettyleat
Tricalonflaonietaait

Viayl ehlohdt
trau*l,]-{>ickloropropyleM

(utVl)

IN II
IN
4.4
10
4.7
2.1
t.O
1.1 1
10 II
10 II
1.1 I
2.2 1
10 II
4.7 II
2.1
2.1
t.O
5.0
7.2
10
10
2.1
t.S
4.1
t.O
l.f H
3.1 H
S.O I
l.S 1
10 1
10 1
10 1

D

D
D
D
D
D
D
D

>
D
D
D
1
1
1

IB II
II
1
II
H
II
1
1
1
II
1
N
II
II

D 1
D
D
D
D
D
D
D
1
1
D
D
D
D

D

Bue/Hwtrtli I Perticidt*

AccufatktM
teeaapktaylett 4.0

Aatkncea* 2.
BeatidiM SI.

Benn(a)utancea«
BeauUlpyreat

Benu(b)fluorutaeM 11.
Beau(fai)perylea*

BeaiolkirittonaUeae
Dit(2-Ciloro«tkoxy)KtiiM

bii(2-Ciloroetkrl)etaef

2 •
0 IB

IB
IB
IB
IB
IB

T IB
t IB

IB
( IB

•
IB
IB
*
IB
IB
IB
IB
IB
IB
IB

•
•
•
IB
»
IB
0
•
•
•
IB

•
•
•
•
IB
•
IB 1
IB N
a i
• N
a N

I
D
D
I
D

•
IB
IB
IB
IB
IB
IB
IB
II
IB
•

A, Not Detected Ml, Detected belov Ktiod detectioi lint
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3 10 0 0 2 0 3
Suplt [.I.
OetcrptiM

Co«pcod

Approii»t« 1105 UK
Detection 1 I
Lint SCC-CW2 3CW1T-II
Coocdtntioi

1105 IIOJ 1105 1105 1105
1 4 5 ( T

XC-05-1V JCC-OM SCC-414 3CC-01I JCC-OIC

bii(2-Ckloroiioprop7l)etier (.1
bii(2-It»7lheiyl)pitj»l»te 11. (

Minaopienyl pieayl pktitltte 2..
Butyl btaiyl pitktltte ll.(

2-aioroup»tt»lest 2.1
4-aionpkearl pfegjl etker 4.

CkrTMM 2.
DibH<o(i,k|utknccM 11.

1,2-OicklorobenteM 2.
1,1-Oicklorobeueie 2.
1,4-Oicfclorotateae 5.

J.J'-Oidiorobearidiat 1!.
Oietiyl pktialtte 11.

DiMtkjl aktitlite 11.
Di-a-bat7l pktkilite 11.

2,4-OiaitntoliNM (.
2,f-OUitnfa>luit 2.

H-f-flctjl pitiiUU 11.
1,2-OipkBjlkjdruiM H.

riaorutteie 2.
Fluorm 2.

hneklonbeutM 2.
BencfclonbitadieM 1.

bnchlorocTclopeaUdieat 11.
kncfcloroettut 1.

lBdtto(l,2,)-c,c)p7Rtt 5.
Itopkorat 2.

hpktkileM 1.
NitrobeaceM 2.

IMitniodiieUylMifle 11.
Mitnndi-fpnprlMiM 11.

MitnMdipkearluiM 2.
PleauttrtM f.

Pyres* 2.
1,2,4-Tridlorobeueat 2.

Aldrii 2.
Alpta-flC 11.
BeU-OC 5.

GuH-OCll.
DelU-OC 1.
CklotdaM 11.
U'-OOT ].
4,4'-DDI I.
4,4'-DOO 5.
DieldriB 2.

bdoiulfu I 11.
Bndorolfu II 11.

bdonlfu mlftte i.
bdrii 11.

M
1 II
! N
1 M
.

N
N
N
II
II
II
II
1
II

D
I
D
1)

-

D
D
D
D
D
0
D
D
D N

•

1
1
1
II
N
1
II
II
II
II
II
1

D II

II
M
II
II
M

1
H

D II
0 II
D II
D 1
D 1
0 X
D N
D II
D N
D II
D II
D H
D «

1 1
N, m
) H
9 N
II II

D
m •

D
0
D
D
D II
0 II
D II
D II
D II
0 II
0 N
D II
D II

i 1
N,
) M
» H
D

II
» H

N
II

D N
0 1
D II
D N
D II
0 K
D 1
D II
D I

II IB
M.I am,
D IB
M, *

•
IB
1
IB
IB
•
8
IB
•
•
IB
IB

D IB
K am

••
•
IB
IB
•
IB
•
IB
IB
m
m
m
0
IB
IB
(
0

IB
IB

D IB
D IB
D IB
D IB
D IB
D IB
D IB
0 IB
0 IB
D IB
D N)

IB, lot Detected MK,, Detected belov Mthod deteetioa liiit
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Cold Cmk/leHome U/R; tail, Luoou, ud Ludfilli; Supled f/15/U U I/I/M; iulpit bj bnroMcaUl Teitini ud Certifialioi

Suple l.D.
DeicrpUM

Cocpouad

Volatile Cotpovadi

DeteetiM
Liiit

CoieeitntiM
(«*/!}

I1M
1

cra-7-i
I10S

)
CB-7-1
dot

I10S
11

CO-7-1
bluk

I10S
1)

*-l

I10S
14

m-i
tltt

IS
CTC

JIM
1C
UP

1105
17

ecu

Acnleia
krjl«i trill

BCBZCM
bii(CklonKthjl)eU«f

Broaofon
y-Cuboi Tetrtciloridi

CklonbdUM
AlorodibroMwthiM

CkloroethiM
Z-Ckloroetkjlnajl etier

^f aiorofart
DieklotobntoMtkiM

DieklondiflwrowtkiM
1,1-DictloroethaM
l,Z-Oicklowettut

M-Kdlorortkjleat
l,Z-OicklonpnpiM

cii-l,]-OicklonpnpjlcM
ItkjlbcueM

fctkyl bntidt
htkfl chloride

'"' fctkrleat chloride
l,l,Z,Z-Tttnehloroetkylea*

TetncklonetyleM
Tolua*

1 , Z-Tnu-didloroethyleBt
1,1,1-Trictloroethait
l.UZ-ThdlonctkiM

TriekloroetkrlcM
TrlcklonflnorowtkiM

ViBjl cklorid*
tnu-1 , J

IN
100
1.4
10
4.T
Z.I
(.9
J.I
10
10
l.S
z.z
10
4.7
z.
z.
f.
s.
7.
10
10
Z.
s.
4.
(.
1.
1.
S.
1.
10
10
10

«
•
•
•
IB
1
0
ID
»
IB
IB
IB
IB

m
IB
IB
OK Bt

IB
•
•
IB
IB
Ift
•
IB
V
IB
51.5
IB
IB
IB
IB
IB
IB
IB
IB
IB
IB

It . IB
IB
IB

in •
IB
IB
•
•
•
•
IB

IB
IB

). 4

»
IB
IB
IB
1.47 Jt
IB
IB
ID
ID
ID
•
ID

IB •
» II
IB I
IB 1
» 1
31.3 I
a M
IB II
IB •
IB I
IB 1
IB I
IB 1
IB II
•
ID
»
IB
IB
B
IB
IB
•
•
•
IB
•
IB
•
•>
•>
IB

1 IB
1 IB
) IB
> •
) IB
1 5.5
1 IB
) ID
I •
1 ID
1 IB
1 •
I IB
J • IB

IB
ID

Bue/leitrtli I Pettieidci

Aceuphtktu
AccuphtkylcM

uttnceat
BeuidiM

BeaioUluUncett
BeanUlpymc

Beuo(b)fluoruUeM.
Bean((fci)peryleae

Beuo(k)fluoruthew
>' '-aioroettoiyliethue

.ii(Z-Ckloroethyl letter
bi((Z-Ckloniiopnpyl)eUer

•' bidMUylheiyl Iphthtlite

1.!
i.S
l.S
44

7.1
Z.S

11
4.1
I.S
5.3
5.7
5.7

10

ID 1
ID II
• 1
» M
ID 1
IB 1
IB M
IB II
IB II
IB II
ID 1
A II
ID II

D
D
D
D
D
D
D
D
D
B
B
B 1
B 1

ID
•
»
ID
ID
ID
ID
ID
ID
ID
ID

e *
D BBL

ID
•
D)
ID
ID
ID
ID
ID
ID
ID
ID
ID

BM)L

ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID
m
m

w
m
m
ID
ID
ID
ID
ID
ID
ID
ID
ID
ID

•
»
ID
«
ID
ID
ID
*
ID
ID
ID
ID

am

A, Dot Detected SffiL, Detected, bit belon lUted m Ktiod deteetiM lilit



3 10 00205
Cold Cmk/ltfejw tl/R; Pondi, U|oou, ud Uadfilli; Supltd t/15/M to t/(/U; luljni by bvinuatil Tkftlaf ud Ctrtifiatioi

<u*lt I.D.
xterptioi

CoipOQDQ

1101 1105 HM 1105 tlOS I1M 1101 !1«
OttKtioi t 1 11 1) 14 U II IT

LUit CO-T-l Ca-7-l CO-M W-l IOJ-2 MCTC Uf 001
CoiMitntiM day t bluk

(U/U

4-ttMopknrl pleajl phUiitte 1.1 I
tatjl bturl pkUtltte 10 1

2-aioroupktUleM 1.1 11
4-Alonpiarl pkeajl etter 4.2 •

CkrTMM 2.S
Dibiuo(t,k)«tknccM 10

l,2-0ic*lonbcuat 1.1
1,3-OicklonbmeM 1.1
l,4-Dichlon«M»M 4.4

I.r-OicklonbntidiM IT
Dletkrl pktUItU 10

DiMtkyl phtktUU 11
Di-4-tntyl pktblatt 11

2,4-OiiitntolotM 5.T
2,1-OiiitntolneM 1.1

Ot-foctjl pitiihU 10

' ̂ "JijSfci!! |!t
FllonM 1.1

Btncfclonbt&MM 1.1
hncklonbrtadim .1

jilonqcloputidiiM 10
hncklorottkiM I.I

IadM(l,2,:-«,e}p7r(M 4.T
ItopioroM 2.2

kfktktlai 1.1
titnbeuttt 1.1

HittowdiMtkrlHiM 10
Mitwiodi-t-pnpyliiiM 10

IHUtntodipkajlMiM 1.1
Fkeautkrat S.4

PTNM 1.1
1,2,4-TriehlonbeutM 1.1

. Udrii 1.1
Upkt-W 10
BeU^K 4.4

7MMIBT 10
DeltHB 1.1
CklonbM 10
4,4'-OPr M
4,4'-ON 5.1
U'-OCO 4.T
Dieldru 2.S

bdomlfv I 10
Indomlfu II 10

bdonlfu nlfttc S.( )
bdrii 10 1

bdrit tldekjd* 10 1
BepUctlor 1.1 1

BepUcklor epotidt 2.2 1

I Ml
t 1
» 1
B N

1
1
1
1
r
i
t

B 1
B 1
B 1
B 1
B 1

9 IB M
D •> II
t IB
D IB

IB
»
IB
IB .
IB
IB
B
IB
IB I
IB 1
B N
IB

IB
IB
•
IB
•
»
• 1
IB 1
• 1

B IB 1
B n i
B IB 1
B IB 1
B IB I
B NO 1
B HO 1
B IB )
B NO 1
B IB 1
B IB 1
B IB 1

3 II
3 1

0
D
0

D
B
B
B
B
B
B )
B 1
B 1
B 1
B 1
B 1
B
B
B 1

3 I
J

.

B
B
B
B
B
B
B
•
B 1

) N

B

)

IB

ft, lot Detected BflDL, Detected, tat below tUted IP* tetkod detection liiit



3 10 0 0 2 0 6
Cold Crcck/leMorte JI/H; Poadi, Uioou, tad Ludfilli; Stapled I/1S/M to !/(/»; Aulpii by brinuetUl THtiK ud Certification

Juple I.D. :
)e«rptioi :

CotpoiOB

Pa-1242
pa-i2J4
pa-iui
PO-1232
PO-124S
PCH2M
PCS-1011

TonpkeM

kidi

2-Qlonpkeaol
2,(-Oicklon]ikeMl
2,4-Oi*tkrlpkeiol

4,1-Ouitro-o-creiol
2,4-Diaitropkml

2-tttnpkeul
• 4-fttnpkeaol

p-aioro • eruol
PettMklMopteaol

Pkewl
i,4,t-Thdlonpkeiol

hUlilCmidt

iitiiaty
irmie

kryllia
Cukiia

Ckntui
Copptr

letd
fcrory
lictel

Seleua
Slim

Tktllia
KM

Cytaidt, ToUl

Detectioi
lint

Cotmtntiot
(««/l)

}l
]|
U
11
u
11
11
10

1.1
2.T
2.T
24
42

1.1
2.4
1.0
3.1
1.S
2.T

190
20
1
4
20
10
ss

0.2
20
S
I
S
20
2S

I10S I10S I10S 1105
1 S 11 11

OB-T-1 CO-T-1 CO-T-1 «-l
dipt bluk

B B B
B
a
a
a
a
a
a

a a
a a
a a
a
a•
a
a
B
a
»

_

IB a a
» 21 B,(10

B|(.ST B,(.5T B,(.ST
B HI B HI
m, » •

HI, (is a, (is a, (is
a a a
a a a
21 Hit (ii a,di
a • a
a HI a
a a,(2S a
1201 41 11 SI
B B B HUSTK

HOf
14

H-2

a
a
a
a
a
a
a
a

a
a
B
a
a
a
a
a
a
a
a

22
B

S10S
IS

MCTC

B
B
B
B
a
a
a
a

a
a
a
a
a
a
a
a
B

T.52
B

B
B,(SO
a
a
a
a
a

0.34
HI

a,(2S
a

B,(25
12
B

I10S
If
11?

B
B
B
a
a
a
a
a

a
a, (so
a
a
a
a
a

O.SO
22
HI
a

B,(2S
21
in

nos
IT

ecu

a
a

a
HL
B
B
B

9BL
B
HI
11
a
a
a
1H
B

(fettle broke ia AipMt

B, Hot Detected BJBL, Detected, bat belou lUted PA Kthod detectioo lint



3 10 0 0 2 0 7
Cold Cmk/lehTM U/R; Poads, Uioou, ud Uadfllli; Suplcd 1/15/W to 1/f/M; iatlfiii &T fcrireniMUl Tefti* lad drtifiatiai

lutlt I.D. :
Deicrptiot :

G
COfpOUM

Volttile Cotpouodi

kroltii
krjlotitri.lt

|^ff»M

bii(aiorotetk7l)etker
IroMfan

Cuba Tetncfcloridt
AlonbtucM

CUorodibnmetkiM
CkloroetkiM

Z-aioroethrlnajl etker
aiowfon

(ictlonbroioiethiM
DieklondiflurowtkiM

l,l-9icklonetitM
1,2-OickloneOut

l,l-8ickloiDttk7leM
1,2-DidloroBtopm

cii-l,3-Diciloropwp7leat
JttTlbwttot

Netijl bnudt
fctk7l eiioridi

fctijlea. chloridt
1, 1,:,2-Tetnckloroeth7leM

Tttridloroetiyleat
TDlOMt

l,2>Trui-dickloroctk7leM
1,1,1-Tridloroetitat
1,1.2-MdlonetkiM

Trickloroetijleat
TricklonflaoroMthat

fujl dloridt
tnu>l ,]-01cUoropnp7leM

OtUetia
Litit

itMttnt
(UAl)

urn
UNI
UN
UN
12N
TN
1SN
TN
UN
UN
4N
550
UN
12N
TN
TN
1JN
1JN
im
UN
UN
TN
1TN
im
1SN
4N
Ml
UN
4N
UN
UN
UN

I10C HOC
27 JS

APf-lS JkPMS

UN
41

bluk

UN
41

tfp-a
dap IS

UN
44

HMS

UN
S2

RP-2S

UN
ss

ICTC-ll

UN
11

KTC-3

UN
n

LLp.ll

UN
T4

bli*

UN
Tl

HP-2!

UN

d«p Tl

Bue/lertrtli t PesticidM

B
B

JOtt 2!N 341
B
B
B

B
B
B
B
B
B
B

B
B
B
B
B
B
B
B

H»
B
B
B
B
B
B
B
B
B
B

Acttapktkm
AceupktyltM

latknctM
BeacidiM

Be»o(t)utfcnceM
Be&io(t)p7KM

Benzol blfluonathear
BeBio(fki)per7leM

Beaso(k)fliwrutteM
b<-'»-aiowetiorj)»tiiit

4(2-Ckloroett7l letter
bii(2-aioninprop7l letter
bii(2-Iti7lkei7l)pitiiliU

UN
3SN
1)N

440N
T7N
UN
MN
41N
!SN
52N
SIN
SIN
3101

B
•
•
B
B
B
B
B
B
B
B
B
B

•
B
B
B
B
B
B
B
B
B
B
B
B

1
II
1
II
»
»

B
B
B
B
B
B
B

D B
B B
B B
B B
B B
B B

•
B
B
B
B
B
B
B
B
B
B
B
B

B
B
B
B
B
B
B
B
B
B
B
B
B

B
B
B
B
B
B
B
B
B
B
B
B
B

B
B
B
B
8
a
•
B
B
B
B
B
a

M), lot Detected BflDL, Detected, bit helm lUted IPi Mtkod detection lint



3 10 0 0 2 0 8
Cold Cmk/ltfloTM U/fS; Poadi, taioou, ud Uadfills; JupM (/1S/W U l/(/K; tatljtii by hrinuetUl T«ftii| ud Certiflettiol

Supic 1.0. : HOC HOC HOC HOC HOC HOC HOC HOC S10C HOC
Deicrptioi: Dtteetiot 27 3S 42 43 44 52 55 (1 (T 14

Liiit tfp-ii ipp-a APMS iff-is sff-a KTC-IS crc-a ILP-IS
CdMMtntioi iplit VA bluk da IS bluk

Cotpouai (a|Al)

HOC
Tl

H'OC
TT

LL?-a
dvp Tl

4-BnwDkeayl pkayl phtkilate 1900 M
Bttyl beuyl pitkaltU 9900 V

2-aiorwupithtleae 1900 N
4-Qlonpkeayl pheayl etier 4200 1

QrywM 2500 II
Dibaio(t,i]utknctM 9900

1,2-OicklorobeueM 1900
1,3-OieklonbeaxeM 1300
1,4-Oicklorobeu^oe 4400

3,3'-OieklonbeBzidiM 1(000
Dietkyl pktkiiitt 9900

DiMtkyl pktkilite 9900
DU-brtyl pktultU 9900

2,4-OiAitrotolacM 5(00
2,(-ttaitrotolacM 1300

Di-«-*tyl pithltte 9900
1,2-DipkMylhydncint 9900

• FlturuttaM 2200
PlURM 1901

BencklonbtuMt 1900
lencklonbitidiew UO

alckloneyclopeaUdiew 9900
BeacklonetkiM KM

Iadao(l,2,3-c,e}prrtM 4TOO
[topknot 2200

upktuleot 1(00
litnbeuat 1900

H-IitrendiieUyluiM 9900
K-litnndi-8-pnpyliuM 9900

1-DitroiodiDkeayluiM 1900
PkeautiRM 5300

PyrtM 1900
1,2,4-TricklowbeuMt 1901

Aldru 1901
Alpu-OC 9900
Bett-W 4400

niaiHB 9900
D«1U-BK 'IlOO
Olordut 9900

4,4'-ooT aoo
4 t4'-DOI 5500
4,4'-ND 4TOO
Dieldria 2500

hdotulfu-I 9900 1
(Bdonlfu II 9900 1

bdoalfu iulf»U 5500 1
hdrii 9300 t

bdria ildekrft 9900 )
BepUdlor 1900 >

BepUchlor epozide 2200 1

1 ft I
1 ft M
1 ft I
1 1
I

ft
ft .
ft
V
ft
B
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
B
ft
ft
ft

1
11
II
1
1

ft t
ft 1
ft 1

B a i
B ft 1
B ft 1
B ft I
B ft 1
B ft 1
B ft 1

> II
1
II
t

1
1
1
1
1
1
1
1

D
B
B
D
B
B
B 1
B 1
B «
B 1
B 1
B 1
B 1
B 1
B 1

I I

1
H

B H
D
I
1
1
I
0
D

B 1
B 1
B 1
B 1
B 1
B 1
B 1
B 1
B 1

) N
H

1
I
I

II 1
D 1
B 1

1

B
B «
B t
B 1
B 1
B 1
B I
B 1
B 1

) N
I 1

M
•
I

)
D
D
D
D
D 11
D I

1
1
1
1
H
1
1
1
1
1
11
1
N

II
II
II

B II
B 1
B II
B 1
B 1
B t
B 1
B 1

1
J
»
II
i

II
II
1

B 1
B N
B
D
1
1
1
D
D
B
D
D
D
D
D

D
D
D 1
B 1
D )
B I
B 1
B 1
B 1
B 1
B I

0 0
ft 0
0 0

0
0
ft
ft
0
0

ft ft
D V 0
D 0 0
D 0 0
D ft V
D ft 0

ft 0
ft 0 II
ft ft 1
ft ft
a •
• 0
0 0
• ft
ft
ft
ft
ft
«
ft
a
0
ft
ft
•
•
a
•
ft 0
0 0
0 0
0 0

B ft 0 1
B 0 0 1
B ft 0 1
B 0 0 1
B 0 0 1
B 0 0 I
B 0 0 1
B 0 0 1
B 0 0 1

0
0

D 0
D 0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
•
0
0
0
0
0
0
0

B 0
B 0
B 0
B 0
B 0
B 0
B 0
B 0
B 0

IB, Dot Detected BKDl, Detected, but belov lUted IPI Ktkod detectiot lilit



3 10 00209
Cold Cmk/UfeiM tl/R; tali, Uioou, ud Uadfilli; haled I/1S/K to t/I/M; tulriii by Brinwnui TMtiai ud CertifUttioi

luplt 1.0.
DeierptiM

CMpoud

HOC HOC
DttMtioi ZT IS
liiit ipp-is tff-a

CoMMtntiw nlit VI

HOC HOC HOC HOC HOC HOC HOC
It 43 44 52 SS II IT

tff-a nv-u m-a mc-ii crc-a LLMI
bluk dnp »

HOC
M

bluk

HOC
n

UN
n

LL?-a
(tap Tl

PO-1242
PO-12S4
PB-lffl
pa-im
KM24I
PO-12N
PO-101C

ICON
ICON
ICON

fcifc

2-aiMopteMl
M-ttcUonphuol

4-tttwfkuol
H^loto^atMl
PuUcklMopkuel

iraue
nliia
Quna

Ud

Him

Ziv
, Total

ICON
ICON
ICON
mo

1100
zno
ZTOO

'Z4000
4ZOOO
ICOI
14N
ION
ICOO
1SN
HOC

12000
ION
42

420
1100
1000
4COO
100
T20
JOO
ICOO
$00
coo
soo

I O N -
200
•

120N
42N
T2N

1200

SN
1400*

12N m. 1)N Hi 1CN

iso n
100000
4CN

I2N
m,
m
•

11000
IB

cm
22N
C4N

1TN

i w _ ta.
~» N
$400 120N
27N 1TN

•K C1N ON
•K NM, BM
M, 2CN UOO
NK Ml> •

1SN
INI

11000 12000



3 10 0 0 2 1 0
Cold Crcck/UflorM tl/R; Poadi, Luoou, id Udfilli; Jiqled S/15/K to l/C/«; iBtljtii br hnnuntti Terti* id OirtificatiM

Sieplt 1.0. :
Oetcrptioi :

UN
Detect!* 13

Lilit LLT-ia
CoecMtntiot

UN
K

UMS
dip 8

UN
N

u/-a
UN
M

bluk

UN
!S

UF-a
UN
»

UJ-4S

UN
1

U/-U

UN
S

UJ-O

UN
10

Uf-fl

UN
14

(11-41

Volttile Coipottdi

knleii UON II
krrlotithi* UNO II

BeueM UN N
bii(aioroietirl)etker UN II

Bneofon 12N 1
CkrbM Tetnchloride TN II

CklonbeueM 15N II
CklondibroMMtluM TN

aionetkiae UN
Z-aionettylriiyl etier UN

Cklonfon 4N
DichlorobnmeUeae SSO

MctlondmwnMtkeM UN
l.l-ftdlonetieM 12N
l,Z-Oicklonetkae TN

1,1-Oictloroetkylete TN
U-ttchlorofnpM 1500

eij-l,3-Wcklotopnpyleie 1JN
Rkrlbeum ItN

fetkrlbraidt UN
htkyl ckloridt 250§

litkrleM chloride TN
liltZiZ-tetricUonetkTleM ITN

Tetncklonetkrleu 1NO
ToliUM 1SN

1,1-Tmi-iicllonetiTlctt 4N
1,1,1-TrichlotMtkiM «l
l.l.Z-THctlotoetkiM UN

TrickloroetkileM 4M
TrickloronionMtkiM UN

?Url chloride UN
ttiM-l,)-OlchIoroprop7leM UN

0
0
0
D
0
0
D

I

•
H

1
1
1
1

L t

»
t

ID
IB
•

D IB
D IB
0 IB
» IB

IB
IB
•
IB
•
IB
IB

X Ml
IB

no •K, T41
1
1

•
•
•
IB
IB
IB
IB
IB
•
•
IB
B
•
IB
IB

Jitt
0
0
S4N

Bm/lNtnli t tetiddtt

iceufhtacM INI ft
keBirhtyleat UN IB

tathreccM UN IB
BeuidiM 44NO •

BeuoUlutknoeM HN IB
BeuolalpTreee UN IB

BeutUlflwrutieie MN IB
Beuo((ki)ptf7l(M 41N IB

BeuB(k)fliwmtkeae UN IB
•|(!-dlonetioz7)MtieM $200 IB

bu(Z-aiomthrl)etk«r S(N IB
bU(2-(kloniwprop7l)etker 5(N IB
biilZ-lthjlkxrDpitUlAU WOO IB

M
1

IB
IB
•
IB
IB
*
m
m
•D
IB
IB

D IB
R *

•>, lot Detected SOL, Detected, bot belov itated ffl tttlod detection lilit
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ll-bc
. hdt, UIMM, •< UitfUli; h*M I/II/N to I/I/H; htlpli If fcdiiiinHI fc^*.

1.1. : UN IIM
It U

Udt «B-a

UN UN UN UN MN
a n n n M

«*-» a-ii a a M a
UN UN UN MM
M n N it

•MI MI a MIU
UN UN UN
N N n

w-a u-a MI-B
UN UN UN UN
n M n n

eof-a tat* COMI

ra-iitt
KI-IIM
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APPENDIX VI

All sanpUng activities were carried cut according to the protocols in the Sanpling and
Analysis Manual prepared by Stauffer Chemical Ccnpany specifically for this investigation,
•Remedial Investigation/Feasibility Study Cold Creek/Leftoyne Site". The manual details the

. basic sampling principles used throughout the investigation, such as: the sample collection
procedures, the sampling devices, •euyiT 1 nj containers, preservation, holding tines, and
decontamination procedures before and during ssnpling. It also details the required quality
assurance and quality control procedures, such ast frequency of collection of field blanks,
field spikes, field diyTlnstM and the chain of custody procedures used.

Sampling Plan

The prcpoeeJ sampling and analysis for this investigation were detailed in the final work
plan prepared by Canp Dresser and MdCee, Inc. (COM). In the work plan this portion of the
investigation wes divided into the source characterization and an area characterization.
The source characterization wes further subdivided into three categories: 1) Cold Creek/
LaMcyne Swenpe, 2) Ponds, Lagoons and Area Walls, and 3) Landfills. The samples to be
collected for each of these facets of the investigation are outlined in «ix tables in
the Nbrx Plan. These tables have been reproduced and included as Appendix 1-1.
Actual Sanples Collected

Samples were collected fro the beginning of May 1386, through the beginning of August
1986. Sanples were not collected in the order outlined in the sampling plan, but were
collected in batches in which sanples requiring •iailar analyses were grouped together.
This wes done to maximize the efficiency of the use of field quality assurance sanples.
A chronological list of the samples collected is given in Appendix 1-2. In these tables
the field notebook sample reference number, the sample identification from the sanpling
plan, the date the samples were shipped for analysis, and the analytes determined are
listed.

All the sampling wes done according to the requirements of the NOrJc Plan excluding the
exceptions noted for the samples listed below.

Mt-1 Cyanide wes not determined in this sample because the sample bottle broke
in shipment.

CNA-€ This Coortaulda' production well we* not sampled because it wes inoperative
due to a collapse.

HTP-ls This bore hole wes not continued past ten feet because of concern that
lower samples would be contaminated from the sludge encountered nearer
the surface. Instead, a 45* angle bore hole was sampled adjacent to
HTP-1S. This extra bore hole wes labeled HTP-3s.

SGC-52, The contract laboratory analyzed these two sanples for carbon tetrachloride
SOC-78 In addition to carbon disulf'jde. The results for carbon tetrachloride, not

detected, were reported although the analysis wes not requested.
SW-01-lw, The Work Plan indicated that all four of these samples were weter sanples.
5M-01-2*, Discussion with Camp Dresser and McKee at the tins of sampling clarified
SW-U-lw, that they were intended to be one weter and one surface sediment at both
SW-11-2V SW-01 and SM-11.

Boles Many of the bora holes had to be
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Analysis

AU analyees were dam by Emrironwntal Ta*ting and Certification, Inc. Analytical
methods used are mjemrliad in table 1. toar* available, methods were fron 91-846,
EPA 600 Methods, "Standard Methods for tha Examination of lejter and Waatawetar', or
fron other EPA referenced sources. Two groupe of eite specific parameters Mere not

by method* frcai the sources listed above. The thiocarbemates and crganophosphatefl
analysed by • Stauf far developed prooedure bacauee no other dbcvsaentad procedure
available. Carbon diaulfLSe and carbon tetrachloride were analyzed uaing a modi-

fication of EPA Method 8240 (OC/MS) which utilised selected ion mi taring. Thia was
done to provide lower detection limits than tha standard nethod allc

The results of analysis were reported by ETC to Stauf far with full documentation for
each sample, with a separate report in the form of a booklet for each individual
sample. The results reported by ETC include documentation of the chain of custody,
internal laboratory quality aasurance results, and copies of chronatograma and other
chrcmatographic data. Thia documentation ia on file at EPC and at ETC.

The results provided by ETC have been compiled and are in Appendices II through V.
Appendix II contains the results for the total priority pollutant analyees and a
few site specific analyta results. Appendix III contains the remainder of the site
specific results. Appendices IV and V contain the results for the field quality
aasurance spites and blanks, respectively. In the actual analysis, there were two
variations frcw the methodology required in the stated procedures.

In acme cases, the priority pollutant OC/MB analyees ware done by variations of
the SW-846 methods which were more similar to the Contract Laboratory Procedurea
than SW-846. The variations frcm SW-846 were to use a larger sample weight, or
to concentrate the msthylene chloride extract further than required by the SW-846
methodology. Each of these variations results in lower detection limits than
obtained using strictly SW-846 methodology. These variations in methodology are
noted in the tables of results by the different detection limits indicated for
the OC/MS work.

For three site specific categories of analytes (thiocarfaamates, organcphosphates,
and elemental phosphorus) the required holding tines ware exceeded due to problems
which required reanalysia of retained iimiiles Field quality assurance spiJoe results
indicated that this may have caused low recoveries for one of the crganophosphate
pesticides. This ia discussed further in the quality aasurance section.

Quality

i

The general quality aesurance procedurea used for this project are described in the
Sampling and Analysis manual, in the manual, the equipment cleaning procedures, samp-
Ling procedures, preservation procedures and frequency of field quality assurance
samples are given, tte laboratory quality aasurance procedures used by Environaentai
Testing and Certification are indicated in the complete reporta provided by ETC.

The general fiequenuy of quality assurance •ample* In the field and in the laboratory
the same. For every batch of approximately fifteen samples, there waa a field

and laboratory blank, a field and laboratory d l̂ioate and a field and laboratory
blank spDce and sm^ils sptiee. Par soil SBeylii. field apDcee ware emitted. All of
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Field Quality Mmiranoa ScdJew
Ths results for the fl*H quality assurance spikes are given in Appendix IV. There wes one
set of field quality aseuiancg spikes for total priority pollutant analysis. A total of 57
analytes were added in the blank spike and sample spike. The overall recoveries for the two
spiked samples were very good. There were sane analytes with low recoveries, but in all
cases these were for compounds known to be unstable in water or unstable to the conditions
used in the analysis. The compounds known to be unstable are indicated in the October 26,
1984 Federal Register in which the EPA established acceptable quality assurance spike
recoveries under the Clean Mater Act.

•

There were 4 complete sets of quality assurance spikes for the sits specific parameters.
The analytes spiked d>nmrt*ri on the particular analyses required for the batch of samples
being analyzed. In general, the recoveries for the site-specific spikes were very good.
There wes one case of no recovery for carbon dlsulfide in a sample spike. This was caused
by interference from the high concentration of carbon tetrachloride, 1310 ppb, in this
sample relative to the concentration of carbon disulfide spiked, 27 ppb.

Recovery was poor for Enddan for all 8 of the spiked samples. Recovery ranged fron 0%
to 19% with an average recovery of 10%. This poor recovery was probably contributed to
by the fact that the samples for organophosphatfts, thiocarbamatea and phosphorus were
analyzed after Stauffer's recommended holding time of 7 days. It is not known what type
of recovery could be expected if the holding time had been met. Hydrolytic stability
data from Stauffer's Western He search Center shows Imidan to have a half life of only
1 day at 20*C and a pH of 7.

Field Quality Assurance Blanks

One field quality assurance blank sample was analyzed with every batch of approximately
15 samples. The quality assurance blank results are in Appendices II and III along with
the actual sample results. The blank results are also sumnarized in Appendix V.

There were a total of 11 field blanks for total priority pollutant analysis. Four camion
laboratory contaminants [methylene chloride, toluene, bis(ethylhexyl}phthalate, and
Di-n-butylphthalate] were found in one or more blanks at concentrations near or below
the method detection limits. These four compounds were reported in the actual samples
at a similar frequency and concentration. Any reported detections of these conpounds
at low levels should be considered invalid. It is recognized by the EPA in the Contract
Laboratory Procedures manual that contamination by these oomnon laboratory contaminants
is unavoidable.

Methylene chloride wee found in the water field blank and field blank spike at an
elevated level, about 500 ppb. This wes found to be due to contamination of a bottle
in which the • ample wes prepared. This contamination of the field blank and blank spike
had no Impact on the actual, •isnilris results.

TWO other organic compounds were detected in the field blanker chloroform at a level
below the method detection limit in one sample and trichlorcethylene near the detection
limit in another sample. These detections of sdsc»llanecus compounds near or below the
method detection limits support the view that any detections near the method detection
limit should be considered suspect and any detections below the method detection limit
should be considered invalid.
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there wes one detection of cyanide at 1.9 ppn, about 4 tinea the detection limit, in one
of the 11 field blanka. There were two actual aanplea in which cyanide was detected at 4
to € tines the detection limit. These detection* may be questioned baaed on the quality
assurance blank results.

There were two priority pollutant metala for which detectiona were reported at levels
above the method detection limits in one or more of the 11 field blanks. Copper was
reported in 3 solid matrix blanks at 4 ppm, 9 ppn and IS ppm. Zinc was reported in all
the blanks at frcn 1.5 ppn to 8.8 ppa. Based on these blank results, a reported concen-
tration of less than about 10 ppn should be considered a probable blank level for these

Fourteen field blanks were submitted for site-specific analyses. Carbon disulfide and
iron were the only analytes detected in any of the blanks. Carbon disulfide was detected
in two of seven samples at 0.4 ppb, twice the detection limit. Iron wea detected at 100
ppm in the one field blank submitted. This reported concentration of iron is insignificant
compared to the percent levels found in the actual samples.

Field Duplicates

The results for the field duplicates were acceptable. Most of the results for duplicates
•greed within a factor of two. Bccept for one duplicate pair, any apparent disagreements
were for detections near the method detection limits. In one case, carbon tetrachloride
in sample OCS-2s, there wes an order of magnitude different bctxeen the duplicates. Thij
is attributed to the difficulty with providing good hooogenization of a soil sample
still maintaining the integrity of the sample for volatiles analysis.
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May 12, 1986

I

Stauffer Chemical Company
P.O. Box 100
Axis, Alabama 36505

Attention: Mr. William P. Stilson

Subject: Groundwater Monitoring Well Installation
Lemoyne Plant

Gentlemen:

Thompson Engineering Testing, Inc. has completed the installation
of groundwater monitoring wells at the site of the Lemoyne Plant ,
S t a u f f e r Chemical Company, Axis, Alabama. A u t h o r i z a t i o n to
proceed wi th the installations was issued by Mr. William Stilsor.
on A p r i l 18 , 1986 f o l l o w i n g s i te r e c o n n a i s s a n c e by cur
engineering s taf f . Reference is made to our proposed schedule cf
fees dated March 3, 1986, and Stauffer Chemical Company purchase
order No. 25-384442 dated April 22, 1986.

This report presents well installation procedures, g r o u n d w a t e r
monitor ing well construction details, and resulfs of w e l l
completion. Groundwater monitoring well installation was directed
on-site by Mr. William Stilson, Geologist for Stauffer Chemical
Company.

Two (2) groundwater monitoring wells were installed at the s u b j e c t
site at locations specified by Mr. Stilson between 37.0 and 62.5
feet below existing ground surface. Each well borehole was
performed using the mud-rotary drilling technique and BW drill red
w i t h adapted 9.0-inch and 7.88-inch diameter three-winged d r a g
bit. Slow advance of the drill stem enabled visual classif icat ion
of soil material and approximate determination of depth at whic.-.
the underlying soil strata were encountered.

Confirmation soil samples were obtained within the well-screen
interval and in na tura l sands using an 18-inch by 2-inch 0.2.
split-barrel sampler driven by a 140-pound hammer f a l l i ng a
standard height of 30-inches. The number of blow counts recorded
for the final 12-inches of split-barrel penetration are reported
as the standard penetration resistance and provide an ind ica t ion
of cohesionless soil relat ive dens i ty and cohesive s o i l
consistency. Weight-of-Hammer ( W O H ) and Weight-of-Rod ( W C S ) ar>:
reported in lieu of blow counts where soils sampled are very loose
or soft.
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Page Two
Stauffer Chemical Company
May 12. 1986

Following borehole completion, the pre-assembled well casing was
lowered into the borehole and subsequently flushed with pumped
clean water to displace downhole drilling fluid.

Well casings consisted of 4-inch I.D., Schedule 40 PVC having
"Tri-Loc" flush threaded couple joints manufactured by Brainard-
kilman. Screen intervals have 0.010-inch width machined slots
spaced on 0.25 inch centers resulting in an intake area of 5.16
square inches per linear foot and rated flow capacity of 1.60 GPM
per linear foot under ideal conditions. The annular space between
well-screen sections and borehole were sand-packed using
commercially available well-rounded and uniformly graded (20/40)
silica sand where borehole sidewalls remained stable. The
particle size distribution curve for the sand-pack material is
provided in the attached information. The remainder of the
borehole annulus was completed with a cement-bentonite grout
tremied from bottom to top. Bentonite Pellets, 1/2-inch in
diameter, were used to create an impermeable seal within the
annulus and minimum of 24-inches above the screen interval. A 4-
foot square timber form was placed about the well riser for
emplacement of the concrete collar.

At the request of our staff, a 100 CFM air compressor and the
"Air-Lift" method was used at an attempt to evacuate and develop
the groundwater monitoring wells. However, due to the semi-
submerged construction of the well screen interval, this method
was unsuccessful.

As an alternate method of well development, a swab surging tool
and electric submersible pump were used. Continued use of the
surge agitation-withdrawal technique for 14.5 hours resulted in
clear water discharge and continuous pumping rate of 5 GPM in Well
No. NM-1. Using a similar technique in Well No. NM-2 for 7.6
hours, a clear water discharge and continuous pumping rate of 3
GPM was achieved. Based upon well recovery rates and computation
of permeability of natural sands per U.S. Department of The Navy,
Naval Facilities Engineering Command, 1974, values greater than
1.65 X 10-4 cm/sec compare favorably with estimates for the soils
encountered and having particle size distributions as provided.

It is noted that during the surge agitation-withdrawal technique
on NM-1, electrical connections to submersible pump became
detached from their bindings and allowed an unknown amount of pump
motor lubricating oil to discharge into the well water. Upon its
recognition, no further development was performed until a
replacement motor was obtained. Our staff is confident that
leakage was minimal, and assurance was made by our field crew to
evacuate the well volume prior to additional surge agitation. Our
firm retains a sample of the pump-motor lubricating oil for future
reference should the analyses of water require comparison.
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Page Three
Stauffer Chemical Company
May 12, 1986

j Thompson Engineering Testing, Inc. has appreciated the opportunity
I to provide Stauffer Chemical Company with our groundwater well

installation services. Should there by any questions regarding
the information presented herein, please do not hesitate to
contact us.

Sincerely.

THOMPSON ENGINEERING TESTING, INC.

E. Fletcher Thompson
Geotechnical Engineer
EIT No. 8830

EFT/cw

r
L
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ENGINEERS TESTING LABORATORIES
MOW-E. ALABAMA

GROUNDWATER WELL LOG
CLIENT: Stau'fcr ChMical Company

PROJECT L»«oyn« Plant

JOB NO.: E86-069
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DATE DRILLED: 4/23/86
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THOMPSON ENGINEERING TESTING, INC.

ENGINEERS TESTING LABORATORIES
•LO». i

GROUNDWATER WELL LOG
CLIENT: Stauft*r CnaaUcal Company

PROJECT: La«oyn* PUnt

JOB NO.: E86-069

I JO RING NO. f#«-1 (Coot.)

GROUND ELEVATION -44.
C»»iog El

DATE DRILLED: 4/23/86
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CR. WATER DEPTH: 48 .O 1
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THOMPSON ENGINEERING TESTING, INC.
ENGINEERS TESTING LABORATORIES
MOOLE. ALABAMA BCOXJ.

GROUNDWATER WELL LOG
CLIENT: Stauffar Chaw leal Company

PROJECT (.amorna Plant

GROUND ELEVATION. ,21.
Casing Elevation: .24 .9 ' '
Ct-'C. G-»* t->
DATUM: N.S.L.

JOB NO.: £86-069

IJORING NO.: nW-2

DATE DRILLED 4/23/86

LOCATION S. 1988.72' E. 666J.761

GR. WATER DEPTH: 24.3 '
(Baio* Ground SX.
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APPENDIX VIII
POPULATION DENSITY DISTRIBUTION MAP
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APPENDIX IX
RAINFALL INTENSITY DATA. MEMO 9/26/78
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INTER-OFFICE CORRESPONDENCE. ; . - . . ; • - . . ; Cold Creek

..-:*r,SN Dobbs Ferry - • . • • Bill Erdmann . 9/26/73

• t. Bill Cawthra Rainfall

The following information on high rainfall was obtained
from the U. S. Department of Commerce Weather Bureau.
Local climatological data for Mobile, Alabama, Bates
Field.

Ra--fall exceeded 2.5" in 24 hour period in last 20
s (27) twenty-seven times.

Rainfall exceeded 3" in 24 hour period in last 20
years (26) twenty-six times.

Rainfall exceeded 4" in 24 hour period in last 20
years (9) nine times.

Rainfall exceeded 6" in 24 hour period in last 20
years (4) four times.

Rainfall exceeded 3" or more (39) thirty-nine times
in past 20 years.

Highest rainfall in a one hour period recorded 2.99".

Rainfall of over 6" in past 20 years:

June 1961 6.08" Sep. 1974 6.17"
Sep. 1967 6.58" Nov. 1975 7.01"

Recorded rainfall of over 2" in one hour for past 20 years

Mar. 1958 2.11" Aug. 1963 2.06"
May 1960 2.75" Apr. 1964 2.99"
Mar. 1961 2.10" Nov. 1975 2.03"

Oth«r hourly rainfall:
4.37" in 3 hours June 1961.

2.83" in 2 hours May 1978.

This information was taken from official records established
at a location approximately 40 miles from the plant site and
due to the weather pattern for this area may or may not
represent a true picture of this location.

Attached is a full copy of records for the past 20 years.
SAFEGUARD COMPANY INFORMATION

> 0011 •000-00 A
/]

9*
BE:aa Bill
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APPENDIX X

SWAMP AREA ENCOMPASSED BY FLOOD PLAIN
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fa^jf e -
fU>OO 4MB SOO~ VS4X FLOQCt;

UMITS Of THS IOO-
D SOO-VS4H tsugjtetv/rw/ay*

L£f1 THAN ONf (I ) fOOT Cut Wrut«THAN out $0cuec M/L£.

tout *&-AittA3 of too-wut. •—

Not*: Flood Information from Flood Insurance Rat*
Map, Community Pan*! No. 015008 0125 F &
0150 F, R*viiwd 1-3-86.

Topographic Information Tak*n From USGS Topo
Map, 1982.

1 Mile

SCALE

Figure 10-1 Swamp Area Encompassed by Flood Plain
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APPENDIX XI
WIND GRAPHS

2468G G361-740
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APPENDIX XII
WELL CONSTRUCTION DATA, EXISTING WELLS

246SG G361-740
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SHALLOW DEEP

SILTY-CLAY
TO CLAYEY-
SJLT 10 TO 20
FEET (VARIES)

PVC THREADED CAP
TOP OP CASING 24" TO 30
4'i 4'i 6" CONCRETE SLAB
GRADE ELEVATION APPROX.
(VARIES)

ABOVE GRADE

30'

(O BORE HOLE TOAPPROX.
8 TO 10 FEET
CEMENT BASKET
CASING CEMENTED IN HOLE
8 TO 10 FEET
6" SORE HOLE

TO

4"SCH 40 PVC PIPE
WATER LfVEL 25' TO 45*
BELOW GRADE (VARIES)

. 10' TO 30* OF 4" PVC SLOTTED
PIPE (0.010 " TO 0.012" SLOT
SIZE)

NATURAL GRAVEL PACK

-SAND,
VERY FINE TO COARSE.
INTERBEOOEO CLAY BEDS
I1 TO 20' THICK ARE LIKELY,
OVERALL THICKNESS 90 TO 120*
(VARIES)

CLAY
DENSE, VERY STIFF

CAMP DRESSER 4 McKEE INC.

TYPICAL OBSERVATION WELL DESIGN
STAUFFER CHEMICAL COMPANY

MOBILE COUNTY, ALABAMA

FIGURE

A-1
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SCbordlnate* not establish*! by Jaw* N. Garratt t Aaaoc., Inc. (oonaultln) engineer* t land surveyors I
.Indicate* Newer Elevation Data fused CM Corrected (MJuated)
Elevation that is 0.2 ft UiMsr Than Old** Ilevation Data

4/29/15
i o< u

MEU.
MMM*
0-lf

«-!•

.0-1*

1-4

0-5 "

fl-t

.1-7

.0-1

0-9"
Remoter-*
IH-I by
Cold Ciee

in 1981
~TJ I0'~

STNurncM
ooofloi NATES

I 5.1940.
e. liio.
MW4.7
C.I5S4.I ..
f .2577.40
C. 117). 02

, «. i*.*l
C. 7*4.05

- ». ITT. I -
M. 121.7

M574.I
K. 0019.4

§.IJ71.7
C.I922.I

N. 90). 76
M. 14.00

S S. 7.11
E. 577. 11

S N. 141 U
C. 7S0.8S

DATt
oDvtmn

7
rrior to
1*71
> feior to

1*71
7 Prior to

1971
H-0&-7J

04-4K-7J

84-W-7J

04-10-71

05-fl!-7J

05-07-71

OS 09-7J

iwc or
MEU.

OMsnucnai
4*0.0. Cteel

4-0.6. beel

T PVC

1- *vC

r'anj r
PVC

4- •
PVC

4" •
PVC

4b«
PVC
«• Steel
ccncntcit In
12* tale to
\it' 4* Her
wvl 4' PWC
4" rvC

ILMTICH
or OMC.
SLM OH
OMoe |C|
(CI Jl.

».7C

17.1411.11

• n.w

41.16

H.(f

1MC

(C)ll.l

M.U

H/WflM
or TOP or
OS IIC OH
MEAS. PT.

14. M

14.17

19.44
11.14*

14.11

41. U

41.42

14.71

14.1

nmr

TOTXL
DEPTH
or

HOLC
7

7

105
Appro*.
T%

IM

IK

114

123

4(1

*

otrili V
SCMCKMD
IHimVM.

KUM CMMK
7

7

100-105
(CatiMtedl
II- III

17-117*
10-74*

5M1I*

K-45»
50-65
70-i5
90-105

110-125loo-m*
»I-H7

M «

oatcms

•Old M»ll - N> const rue tJon details available. Data
aoproslMte.
•SW itill - M> oonst ruction details callable. Data
approilaat*.
•Old *1I - COMtmctlon details «ppro»i«at«. 5' lonq
2* PVC acrevn.

••cferencw Pt. on top of broken casinq. Haa been
broken further and covered with Dresser aauptlnq and
fitting*.

•V slotted PVC pipe
••9-5* Ion) section* of 4* ribbed PVC t*ll screen
(1.0. approximately 1-1/2*1

M5 *' So, Sections of 4" .JLUd PvC well «:ree«
(1.0. ApproilMtely 1-1/2*). Hell *a^>l*r(?| Jawed
In tell screen cannot 9et below about 70 ft.
M4 - V lonq sections of 4* ribbed PVC w.11 screen ~
H.O. appro*. 1-1/2*).

•15' (009 Sections of 4* ribbed PVC well screen
(1.0. >|jproilMlely l-l/2'l

TMtll dtr» not innitoc *fiifer(i| 4»ve "Blue Cl»y'
ln«t«ll«l *- m (unltor wtll (or Inject l<»i -rll IMJ I.
to mmlior first «pil(er twlow blue r|jy.
20* of 4* dia. slotted PVC pipe on JOfc of 4* <|4lv«tlieti
•leel pl|*.
'well MII in the way of o«s» ti«-t i<»t *-«iwiiy. c«I
.u.l J..w.l»H-.l l.y SI Jill fee rmislrm « l«»i fill Mini , M



3 10 00271

1

j ' 1 9

-;1*li

111

IIIIII

6 5 e
^

I!

> Ins°
• tr

?!W)

£

S3 3

i
5
"5
if

o.
r^

'̂ »«*l*
M P*
•• 5 ̂*rt

1̂ii

r

ii
K5
HifiB.--»V f
:gs

1?1S iC
5 8 2
?§5^

i

i
i
3

r
8
3
2

§
««
«

f

II
w kl M kl

A i i o

xs

C
O

V
9|

O
* 

I9
«

*t
at

« P
l

n
 
If

8 - SS±H5
^S"

i|.
•«
j

«t

i!i2

KIss sa t i
e

HWI j j
* v
» *5•— —— P £

"IP
8 e

2£ 8

al

l
du

p
HV

•1-^5a— —
i i «

X S M S M ki M

i



10 00272

I

-f *

iS-•o u e

•IM

^

: 
*̂

8

C
>

5?• • •» «
3 3 3i

'si

*i!
it, »•

'If$S;; -5-J
111

*
K

or
 w

r 
or

C
A

SI
N

G
 O

N
W

A
S

. 
IT

.

iiii

X M

• e\p« o

M MS

IT

ST

r

f 'H;
o i t C

f t . 2 1
a - S

!*!!=
*

s
* fllF

F F r r
L L L L L
C C u G 2"" r r r

. M 8 If Sf

, . L

• S8
ssr

s
IN ; « ̂  -

S 9

R IS !2
* K X

r »

v , 17 's
• i U- WMB

O O O

«k-» r»i««

S S2 ~ 5 ? » :

</> W kfl W V> U it/1 I

a r
>0



3 10 00273

£

3

1
1t

1
•
M M *

"'ii• us
if§
I-8!ill

I

»lll
5 5 s aBM-g

|E jj
£3 e

[**f

• ?

ill

>j
i

P|
38

g

i|
11

sf

*
£

£
R

*
•>

If

^
i/«
i
1
3

•*

A M

»

R

5

M

p*

•m

Ml

s

X

a
M

f

A

8

t
1

I

1

s
M

IP

••

«l

R

8

K

•

»̂»

i ^»

i»
i

£

M

^!

r
S3
V

8 »

*

•«
W

i
i

*

•

*

^

i
A

ii

s

^

^

%
^

ii

j

1

•
.

v

h*

5

>
fc

0

i

i

s

z
«

^

^

i

» î
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SCbordinatts not Established by Jaaes N. Garratt t Asaoc., Inc. (consulting engineers * land surveyors)
.Indicates Me*tr Elevation Date Based an Corrected (M lusted)
elevation that is 0.2 Ft lower Dun Old Elevation Data

MPS 4/29/M
fage 10 of 17

WELL
tune*

.04W»-1»

.OMH-2*

.b«»-Jr

eNMt-}l*
was

CHA-l-75'
M4.
.04W4-1J*

MM

O4A-I-I50*
SM.
-0«*4-J1«
|M-)»
.OiWt-24*
Civ-41
.Own-25*
• M-S)
.rnAH-241

IH 6)
.<>4*rt J7»
IM-/I
.(^wt^Ur
|M 0)

smrrtN
CQCMDIfMICS
s.J)«.«
C. 2591. 7

S.̂ 1«1.I
C.2S71.0

S.llSI.O
E.1UI.I

i.IO».4
C.2M2.«

S'.UdtV.T
C. 20(2.1

s.nii.15 .
C.2US.M
5.7MM4
E.D9S.10
S.17*«.^ '
e.MM),)»
S.3W0.4*
C. 1724. 49

' S.J«4.« '
e.i/ei.ti
J.UAt U
t. J09 I 04

o*n
OMPLCTED111)

%

i9hi

I9II

ai- ii-ii

fll-3l-«

01-41-14
01-07-14

61-01 14

02-01-14

02-OC-I4

02-10 14

Timor
HKU.

OM51MJCTION
4" PvC

•• Kc

!• rvc

*• rvC

4" rve.

4" M
4- PvC

4" pvC

4" PvC

4V PvC

4- PVC

Eixwnai
or ODNC.
SLM OH
CRMX |C|
1S.H

41. d*

«.l5

l<tl M.I

wrn.1'
Old base.
S. 19.57

I4.K

U.CI '

41.11

ic.d
44.11

nnmrnn
or wr or
CASING OH
NEAS. PT.
llH

15. «

<•.•!

)i.U

4i.n

U.14

11.94

41.11

11.75

•«.M

41 «l

mnu.
OEP1M
or

NOLC
Aflpcon.

70

AfVrai.
70

Appro*.
70

IW

IM

III

IT7 "

111

T3J ——

111

71

• BLvnrtr-
STMCOCD
iwmwu.

•CUM CMOC
««-»
(CatUated)

M-70
|CaiiMt«d|

M-70
ICStUMttrfl

I6«VIU

IU-1U

J7-I1T '

ss-in
<«-!}«

(Ml ±4
91-121
II 111

44 <9

oatcins
•itonltor Mil II VilleJ by Vaster itn^aon Ol for
Qiurtaulds. Mtnurf>«c«il CNMt-l and Masurownt Md* by
MTS r«bruary-«ay. 1904.,

•tonltoc Ikll 12 drilled by Wtstcr Thoufwoo (7) for
Oourtaulda. Hmurtiered CNMI-2 and MMutvwnt Mde by
MT5 february-May. 1904.

^Nonitov Ufell 11 drilled by Wster ItvMfMon |7| for
Courtauldi. MtfHaticred CNMt-1 and menutm»fnt mmO» by
MTS ltbruary-«ay. 1904. O»scw«t«d Utat there le no
bottoa cap In this xll - or screen 1* broken.

•Drilled as offset well liar OM-I for fusing test In
August 1910. Mcnurtiered M Ot^N-21 In July 1904.

'Drilled as offset -.11 for M-l for pniii*} t«t In
August I9M. tenurtiercd as CMMt-22 In July 1904.

•boordinales Vere tot stake prior to drilling. -
Drilled as M-l. ,

•Coordinates uere for stake prior U> ddllinq. '
Drilled aa H-4.

•Cfaordioales were for stake prior to drillin|.
Drilled 41 H-V

^Cboniinate* were for stake prior to drilling,
drilled « n^t.

•&KHilifuiles orte fix atake prior to <lt 1 1 1 ir»| .
Orllletl » * J.

•Axiidinjiri uric for clafce |» i"i lo tk-ilf7i>|.

0-J

CD
CD
ro
"<3
MD
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{Coordinates not Established by JWM N. Garratt t Asaoc.. Inc. (consulting engineer* t
.Indicates Newer elevation Oat a Basad on Corrected (Adjusted)
elevation that Is 0.1 ft Lower Ittan Older Elevation Data

land surveyors) WPS 4/29/0*
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WELL
MtAEH

U*-l»

.LM-J

lH-l»

LH-4*

.LM ^»

STMJFFCN
oonroiiMns

f S.1114
C.H4S.S

S. 2197. 9
B. 242.1

5.IIU.9
e.2145.1

S 5. NIC. 14
E. (41.2

s:n«.5
E. 151.4

DATC
Ot»f?LEra)

10-07-52

07-00-52

/

ffl-0«-5«

>
Spring 1H1

0«-l? «5
( ? »

rrrc or
WELL

ooHsnucncN
OoUile caMd
well by Layne.
24* outer
casing If
Inner caaln)
12* screen.
fkxfclc caaad
well by Layne.
Aa Mwve.

OoU>le cased.
well by Layne
As above.
OrxJ>le cased
well by Layne
As above.

Doii>Ie cased
well by Layne
As a\>uve.

HIUHTIUI
or owe.
SLAB «
GMADC 1C)
1C) 10
Cone. |M*
foundatior
-Just
above
qrade.
U.21
S.M. Bolt
on dis-
charge
head.
(4S.99
P*f
foundatloi
old elev.
base)
K.IV
Cone, pwf
founrlat lo>
3 .̂11
ConC. pû i
f oundat ioi

41.94
S.E.
corner
mnc. pi i*|
(u>«>Ut tut

EUVKTIOI
or n» or
CASING OH
MEAS. FT.

2

44.70
South I"
dia. pipe
within
discnar̂ a
head.

— ~ ———— j-

K.U
Ttop of 4"
pipe weldei
Into steel
cower ulato
TO4
S.E. oocner
of cast
steel sole
plate.

VJIKL
OEPTM
or

HOLE
144

112

111

7

m.c
Rclow
tup of
I»"V
luse
•teas.
In Ai»|

BEHHOT
SCNCDCD
INTCRUM.

BELTM CWUX
7

105-125

•

>

»

14-114
••low top of
puifi founda-
tion (approx-
imated In
A«»j. 19011.

oomofrs
•Hell plugged and abandoned prior to 1471.

•Hill MM recomputed in 1975. 25' lot*] 10" dia. atain-
ICM steel well screen was set Inside Ute original
12* well screen.

.

•tfctll abandoned in 1971 or before. fu^> and mtiat h*/c
been reaoved. Steel plate covers top of casinq.

*W*1I abandoned - never in service. K*̂ > and BOtor wece
pulled and installed in well Ha. I*-* in June DO.

•Well WM r*oan«>lete<l in Au]ust 1981. after well w*s
p^plnq qravel pack.

Installed 10' of •* dia. stainless steel wll screen
Inside the original U* well tcieen.

•
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SCbonllnatts not Established by Garratt
.Indicates Newsr elevation Data Based on Corrected (Adjusted)
Elevation that Is 0.2 rt Lower lt»an Older elevation Data
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MOLL
MJTCCR

U4-4

LH-7

CC-1»

CC-91

LM-10

-CL II

STMjrres.
COORDINATES
S. 711. f
rliio.o

S. 7174.1
M.I4M.O

| S.Z4V11
e. o.oo

f S. 412. 22
M.940.77

S.IJW.4
M.I1M.1

H.474.4
W.441.4

DATE
COMPUTED

Aug. l9»5

Hay 1*72

OI-ll-M-

01-05 — (9 '

Dec. 117)

04-1FT? ——

Truer
NCU. CONST.

Double cased
well by Layrw.

Double cased
well by Layne.

Doifcle cased
well by Uyne.
As above.
Double cased
well by Layntf.
As above.

Double cased
well - mai-
ified Uayne
type well.
By Holland
well.
Doiiile cased"*^
well-wnliilcil
Myne type
well hy
lk>ll«kt.

EUVHTIUI
or OQNC.
SIX OR
OMOt |C)
44. II
Cone. PL«|

}ust abov<
or.W.
40.91
Cone, pur*
foundat lo>

(C) 42. t

(C) 44.44
'•

11.9!
S.H.* holt
on dis-
ch««je
he«l.

^.S7
N.ri. bolt
In *la|>tei
|>ldle
{ Alnist
<|i Ale) .

CLEVHTKM
or TOT or
CASING CM
WAS. PT.

•

I

44.44
Metal plati
cower Inq
well.

)*.<(
Tt>p siile of
(N W.
miner )
lowrr
f 1 juojie <»!
.llv !,«!.,*•

HWM.
DEPTO
or

HDCZ
III

120

117

1)9

111

.

Jll

•

Wrltl Uf
SCNOMED
IKICIMU.

aet/M OMDC
H-lll

91-1 7 J»

•

117-127

74-«9 ••
119-129

114-1)4

US-125

,

'

OtecHTS

•Screen Interval of 91-121 was 91 wen to ee. but 1
suspect 101-120 is «o«e likely to be correct. (W.P.S.)

'

•Well MBS plumed and abandoned about 19U.
••Well wss completed In two acqulders. Both above

••Blue Clay* unit.
-Well WM pluqqed and abandoned about 1910 (7|.

••Well MM ocnpleted In two «tfulf«rs, both above "blue
clay* unit.

•Melt MBS recoifileted In I47t - s«j!W did. inner
c«aln<] «>l screen also louer c^KxIly |>«i> |im liasal.
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fOoordinates not Established by Garratt Engineers
.Indicates Never elevation Data Based on Corrected |M)ustsd)
Cle«ation that Is 0.2 ft lower Than Older Elevation Data

WPS 4/2VM
Page 17 of 17

NCU.
MteEM

CNK-I*

A*-l'

CNA-]

-0«-»

STMNTOI
COORDINATES
S.24C4.0C
t.2140.9?

£.»4o "
E.I024

»'

S.IOM.44
E.1J9I.J8

DATE
OCMHTItD

' mi

Ml

\M

MS

TVK or
HCLLOOCT.

•4

rrr

i
. _ ., 4

ILEWTtCM
or OQNC.
SLM «
CMDC (G)
IS. 21

irrt —
Concrete
pt«p latfi.
top ot
(oundat lor
•t qrade.

n.n
(Has*
Plate)

"nxwnar
or wr or
CASING OH
HCAS. PT.

7

41.91
|1bp of 1*
pi(« c<(>
tmlitlrv] «li
line |.

"wnor
CCPIM
or

note
124

111

111 -

no
A|1>TOI .

•

KHM OP
<U'pttM»n
IN1TJMO.

•CUM CMMK
••-111

IMJT

9S-HS

»2-171

"7

\

OMVKIS
•Mkll abandoned, fta^p and aotor have been r Moved.
Ttop of caelnq la covered viUi steel plate.

••OoJble cased uell by Unne 24* steel casing c sainted If
10- hale to M K. If,- Inner casing with 12" screen.

•M»ll abaraVvMd. Po^> and •Jtoc have bren reaoved.
Ttop of casln) Is covered with steel plate.

••Coordinates are appro* ieate.
•••OoU>le cased well by Uyne 2«* steel caslnq cea*nt«l
In M- hole to 10 ft. If Inner. casln) with 12' acrecn.

•Omi>Ie cased well by Layne 24" steel caaini ac*wnt«d in
10* hole to SO (t. U* Inner c*il«y with 12* screen.

•Dxtile cased well by l̂ yne 14' UreT casinq cnnrntRI in
JO* hole to 80 (t. l»" Inner c«sn«j with 11" aiircn.
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2'30-

CREOLA QUADRANGLE
ALABAMA-MOBILE CO.

7.5 MINUTE SERIES (TOPOGRAPHIC)
340 000 FEET "04 88*00'

fj-

31-00'

Figure 13-1 Topographic Map
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APPENDIX XIV
WATER RESOURCES OF THE MOBILE AREA, ALABAMA
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1*20*
1*2*
1*3*

•J.

1*31 ::
1*32
1*33
1*34
I93S

1*34*
1*37
1*3*
1*39
19*0

19*1*
19*2

1944
1*49

0
1944
194?
!•**
!**•
199*

OCVOOtN

20900.0
24*00.*

g

1*1*0.*
*|99.0

471*0.0
14)00*0
94)*«.0

12*00.**
14200.0
2O900.0
12200.*
IOSOO.*

12900.0*
12*00**
It***.*
116*0.0
1)1**.*

0
1S100.0
1000*.*
1210*.*
191*0. •
trooo.*

2-47*9 NOtlLC OlVCft NIAO WOUNV VtftNON AU
LOCATION— I AT )| 04 SO LON4 0? SO *9 IN SC 1/4 SIC 4| f|N *|f AT OOAT »|fft ON
*tST ON Or LAHl OAVIO .9NI US M t**C OU1LI1 10 HOOILf: «V 2.9M1 ME OT NT VCONON
• AT NILE 4|.) M NOtlLC /0« A IMAGE A»EA—— 4MOO /ACCOftOS A¥A|LAOLC— -OCt 1*9)
10 SfM |*94 / 4A4C—— STA«( nrCOHOCA OAIUN AOOUT 2fl OKLOtt NSX 0V COMPARATIVE
4H HCAOINOS AUI OAOC AT ALA ST OOCAS '
TH*U 1*47 MOUNT VCANON fLOM •! ClAIOOftttf VLOri • NV 4*3 riOMI • 1.09
AMCO 104V MOUNT VCANON FtOtf «» CL*lOO»Hf rLOtt • COTrCCVlLLC rLOMI • I.OV

MONTHLY ANO VCAftlV O1SCHA4«C IN CUOIC rill »C* UCONO
NOVCMMO OCCINMOJ JANUAftV fCOftUAOV H»«CM AM It HAV JUNC JULY AUOUOT tVTCHOIO t*Ji VtA*

• • • • • •*• • • • • '

20?** *•
144400.0

MM***
012*. •

72***.*
142*0*0
)••••••

1*400.0
3*100.0
1*700.6
15100.0

|**00.0
142*0.0
19300.0
172*0.0
14400.0

1*7*0.0
4430*.*
39000.0
10000.0
24400.0

234t0.t
1*34*0.0

» <
• 3*444.0

7*900.0
179100.0
2110*.*
4IIM.O

' 27***.*'
3*4**.*
30)00.0
IS200.*
1*9*0.0

44000.0
55)**.*
44*00.*
!**•*.*
243**.*

940*0.0*
4*000.0
M***.*

1)91*0.0
M7M.O

4*000.0 *OM*.0 3474*0.*
71000.0 9*9*0.0 117900.0

) 4 0)

~ 00*44.* 41300*0 »9IO*,0
I244M.O |0*»*».0 1****0.0
tllOOO.O I4I*M.O U7*0*.*
)****.* 3IOM.O 1)220*. 0
77400*0 73*00.0 170700.0

' 10490*.* 22*1*0.0 90***.*
177000.* ISS***.* 1*4700.*
9)2**.* **)••.• •*)•*.•
42*00.0 |)I4»0.* 14*700.0
4*9*0.0 120700.0 109900.*

0*2**. • 041**.* *I9*0.0
91400.0 16900.* 14)9*0.*

12340*. • 7*10*.* 19)7*0.*
4S7M.* *77*0.0 172*0*.*
44*00.0 IIS100.0 149200.0

i • •
109200** 212700.* I727M.*
I99IM.9 12*000.0 1)2*00.0
*4SM.* 1*14**.* 21 43**.*

2**)**.* 22)S**.t I2S400.0
1*1)00.0 1I2SOO.O 1)4100.0

144700.0
9)700.0

•
132300.0
943*4.0

)42«*.0
4*00*.*

17000.0
10000.0

I49M.O
2*2M.*
1*4*0.0

• • • • . * .
739*0.0
1320*. •

IMS**.*
4790*.*

I14M*.*

*l**200.o'
•59*0.0

)*2000.0
09*00.0
045*0. •

' *9*00.o'
72000.0

130200.0
244*00.0
1*1)00.0

'l*40M.»*
157100.*
1)9*00.*
13290*.*
4200*.*

344*0.0
49*0*. •
440**.*
2*201.0
7S)0*.0

30*00.0
123)00.0
433*0.0
)•!•<. •
40SOO.O

20*00.0
2S700.0
)•*•*. •

124*00.0
92400.0

.
•1000.0
7)000.0
20)**.*

10)400.0
92400.0

IS***.*
2SMO.O
21900.0
33*00.0
2970*.*

I*)**.**
2S300.0
3*900.0
•••••«•
3*300.0

13*00.0*
34)00.*
2**00.0
24200.0*
2)900.0

.
47)**.*
4*200.0 '
2*2*0.0
44200.0
20*00.0

• • • • • • • • • •
1991
IV52
195)
19S4
loss

•

1994
1*57
1450
1*59
1949

IV6I
1*62
1*41
l«*H.

213*0.0
1240*.*
11200.0
19900.*
7610.0

4)

1*100.0
IS400.0
)*900»*
23***.*
29VOO.O

22100.0
1 1000.0
1 71*00.0
14? >

232**.*
22600.0
11900.0
1)900.0
9*20.0

g

1*000.0
12900.0
93*00.0
19000.0
32200.0

21300.0*
22000.0
23*00.0
13100.0

)02**.0
•1000.0
2*400.0
4*900.*
12500.*

0)

1*3*0.0
407*0.0

127700.0
29900.*
43)00.*

2*500.*"
217600.0

24100.0
377*0.0

4O9M.* II42M.O 1*24*0.*
•13*0.0 04*00.* 1*97*0.0

100200.0 109000.0 19*30*.*
70*00.0 73000.0 41000. O
* 7200.0 *9000.0 72*00.*

2429*0.0
HIM.*
••9*0.*
74000.0

160100.0
* • *> O)

13900.0 12*100.0 1)7400.0
49900.0 127000.0 V9000.0
49900.0 100900.0 1*2200.0
54*00.* 100*00.0 03400.0
•3*00.0 129000.0 199100.*

• • .
37*00.0 127900.0 339900.0

203*0*.* 1517*0.0 1*3100.0
60600.0 75*00.0 124100.*
064*0.0 101600.0 210300.0

I3700*.0
159*00.0
90200.0
•?900.0

103000.0

17940*. •*
106900.0
10000.0

277100. •

4SOOO.O
34900.0

1*4*00.0
34700.0
40500.0

^

30000.0
91000.0

105000.0
37900.0
noooo.*
4K500.0
30500.0
7*90*. •

133500.0

2)2*0.0
2**00.0
22700.0
14*00**
2090 *.*

_

14000.0
31500.0
2*00*.*
71100.*
1*4*0.0

**200.*
25400.0
41900.0
23700.0

J44M.O
.47***.*
3390*. •
240*0. •
I70M.O

244**.**
199**.*
414**.*
311**.*

141*00.*

41*00.**
22200.0
23*00.*
179*0.0
J2I200.*

.
9*2**.*

*t))IM.*
•23000.0
90000.0
35600.0

.
22200.0
12*00.*
27200.0
11*00.0
.27100.*
1 •
|24***.*
2*1**.*
5*0*0.0
10900.*
13*00.*

91*00.*
19200.*
443*0.*
3«5**.*

19900.0
3470*.*
2UOO.O
31700.0
1*400.0

26500.0*
16600.0
41*00.0

IIS700.0
256*0.0

*OMO.O*
3ITOO.O
21000.0
27500.0
10000.0

.
*«)*•••
IUM.*
294**.0
2*400.*
3S3**.*

.
15)00.0
16*00.0
15000.0
10500.0
22200.0

+

10400.0
12*00.0
2*000.0
13000.0
10000.0

21200.0
12500.0
210*0.0
24100.0

1*2*0.0
20000.0
23000.*

_

1*4*0.0
)S*00.0
1VSM.O
1*100.*
16300.*

ISS**.*
)*5**.*
|7***.0
274*0.0
1SOOO.O

19100.0
IOSOO.O
I69**.0
21000.4
1)200.0

*
HIM.*
19*00.0
16*00.*
)23M.*
49000.0

*
1*100.*
12900.0
12600.*
•430.0

10000.0
9

IIOOO.*
217*0.*
25)00.*
17900.0
15000.0

2200*.*
15400.0
13900.*
15600.*

77TM.*
4*1*0.0

3490* •
437*0.
9110*.
37400.
41200.

4*0*0.
66600.
64200.
43400.
567*0.

34*0*.
4*5*0.
543*0.
497*0.
55700.
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APPENDIX XV
BACKGROUND LEVELS OF HEAVY METALS. ADEM'S LETTER 12/19/86

2468G G361-740
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_ADEM.

*»tum. Director

1711
Mom«enwnr. At.
M130
20* 271-7700

Unit 104
221 Oi

2420*
204 M241M

DMMIM. At
M402
2O4/)4)-171l

2204

••
»7*-2334

ALABAMA
DEPARTMENT OF ENVIRONMENTAL MANAGEMENT

G*org« C Winact

December 19, 1986

Mr. Wil l iam M. Cawthra, P.E.
Environmental Technical Manager
Stauffer Chemical Company
Dobbs Ferry, New York 10522

R£: Request of November 18, 1986, for background levels of heavy metals
in or around the vicinity of Stauffer Chemical's Cold Creek and
Lemoyne plants.

Dear Mr. Cawthra:

We are in receipt of the above referenced request. After review of
our records it has been determined that the Department does not have any
data on file which could be deemed to be representative of background
levels near the above referenced Stauffer plants.

For your information I am including the following metals data as
recorded from soil samples taken at two locations in Pike County by the
Department in 1984.

TOTAL METALS (ug/g)

Near Pike County lake

Calcium Cadmium Iron Lead

214.0 5.0 3,410.0 8.0

Arsenic

10.2

Arsenic

29.0

Roadside Saaple - U.S. HWy 231 (Mile 79)

Calcium Cadmium Iron Lead

472.0 2.0 6,997.0 220.0

Zinc

10.0

Zinc

44.0

After review of the above, should you have any questions, please do
not hesitate to contact this office.
Sincerely,

E. John Wniiford, Chief
Field Operations Division
FJW/RWC/mpt
cc: Joe Downey, ADEM
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APPENDIX XVI
MATRECON ING'S REPORT ON MEMBRANE TESTS AND INTERPRETATION
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Interoffice Memorandum

TO:. W. Cawthra - EEC

FROM: L. E. Drake - EEC

SUBJECT: LeMoyne Cap Liner

DATE:

CC:

FILE:

12/5/86

3955A012
P.F. 7.1-9

key word: LeMoyne

The Matrecon, Inc. test results on the samples taken from the duPont
3110 cap Uner at LeMoyne indicate to me that there has been only a
small change in the important properties of that material since
installation in 1974. Its Integrity should still be good and useful
life expectancy high. A repeat of the tests in 5 years would be
recommended.

L. E. Drake

LED/on

c•: c
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f 0 Box 2*075matrecon,mc. 0.^ CA ̂

»11 Adihnt Strwt
Oakland. CA 94608

RCUANCH • CONSULTING • TtSTIMG NOW-M6TALUC MATlRiALS (415)45127

M87-343

October 15, 1986

.Mr. Danny Flack
Stauffer Chemical Company
Highway 43
Axis. AL 36505

Dear Mr. Flack:

Re: Report on the Testing of Exposed 3110 Cap Liners •
P.O. 1025-033112

Enclosed 1s our report, "Testing of Exposed 3110 Membrane Liner Samples
Collected by Stauffer Chemical Company at their Mobile, Alabama Facility."

Also enclosed 1s the "Chain of Custody Record" signed by Gary Walvatne, which
you asked to be returned.

If you have any questions, please contact me.

S1nce**fy.

Henry frfHaxo, Jr̂ 1 -
President

HEH/rmr

Enclosures: 1 copy of report
1 signed chain of custody record

R.
T. "SAvefcS - to<PT

B .



8TAUFFER CHEMICAL COMPANY
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CD

Relinquished By: W.ESTiiw*} Dale:
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2
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M87-343

TESTING OF EXPOSED 3110 MEMBRANE LINER SAMPLES COLLECTED BY
STAUFFER CHEMICAL COMPANY AT THEIR MOBILE, ALABAMA FACILITY

by

Henry E. Haxo, Jr.
Benjamin 8. White

Gary Walvatne

Prepared for
Mr. Danny Flack

Stauffer Chemical Company
Highway 43

Axis, AL 36S05

Stauffer Chemical Company
P.O. 1025-033112

October 15, 1986

Matrecon, Inc.
2811 Adeline Street
Oakland, CA 94608
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M87-343

TESTING OF EXPOSED 3110 MEMBRANE LINER SAMPLES COLLECTED BY
STAUFFER CHEMICAL COMPANY AT THEIR MOBILE, ALABAMA FACILITY

INTRODUCTION

Mr. Danny Flack of Stauffer Chemical Company requested, under P.O.

1025-033112, that Matrecon, Inc. determine the tensile properties and volatiles

content of three samples of exposed 20-mil 3110 elasticized polyolefin, taken

from the cap liners of three separate landfill units. These samples were

collected by Stauffer Chemical from their Mobile, Alahama facility. The cap

liners had been Installed 1n 1974 and were being checked for elasticity under

a Remedial Investigation Feasibility Study (RIFS), as required by the U.S.

Environmental Protection Agency. The purchase order called for tensile

testing in accordance with ASTM 0638-84, using a Die IV dumbbell.

No retained sample was available for comparative testing, nor were there

any test data pertaining to the specific lots of 3110 that had been used.

The tensile test data available from du Pont, the manufacturer of 3110, was

based on ASTM 0882-3, which they used 1n developing their specification for

3110. Consequently, Stauffer approved tensile testing of the exposed samples

1n accordance with ASTM 0882-73; it was expected that specific test data on

the unexposed sheeting, would become available from du Pont or the Installer

so that a comparison could be made with the original property values and, thus

determine whether the properties had changed during exposure. However, no
«»

property values on the unexposed sheeting became, available.
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This report presents the results of tensile testing of the exposed 3110

sample, 1n accordance with both ASTH 0638-84 and 0882-73 tests, and results of

the- determination of volatiles content.

SUMMAR Y

The test values for the exposed cap liner sample, identified as ILF-IP,

tested in accordance with ASTM 0638-84 were equal to those in the Matrecon

database for unexposed 3110 sample, also determined in accordance with the

same test me'.hod. The values for the properties of the other two samples,

SLF-1P and NlF-lP, were somewhat lower. Indicating possible loss, but the

differences are probably within testing error. The values exceeded the test

values given in the du Pont specification (1). However, the du Pont values

were obtained 1n accordance with ASTM Test Method 0882-73, which requires

strip specimens. *

The results of the testing of the exposed samples, 1n accordance with

ASTM 0882-73, yield similar modulus values (stresses at 1001 and 2001 elongation),

as obtained in the 0638-84 tests. However, the tensile strength values were

lower and the strip specimens slipped in the grips to yield false elongation

values, when jaw separation was used to measure elongation. The samples were

retested and the elongation was followed by benchmarks. Elongation at break

values were somewhat lower than the values obtained with the dumbbell sped "tens,
as were the tensile strength values. This 1s usual when results obtained with

strips are co*4>ared with those obtained with dumbbell specimens, particularly

when testing materials having high elongation.

U)Du Pont Specification E-90896.
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Comparison of the 0882-73 data with the du Pont specification values,

Indicate that there may have been some loss in values of tensile strength and

elongation at break, and there was stiffening of the sheeting. However,

comparison of test values obtained with the dumbbell specimens with those in

the Matrecon database, also obtained with dumbbell specimens, indicate that

little or no change in properties took place during the exposure since 1974.

We believe the latter data more accurately reflect the property values of

the exposed 3110 membrane cap liner.

MATERIAL

On August 12, 1986, Matrecon received three field-exposed samples of 20-mi1

du Pont 3110 elasticized polyoleHn liner. These Uner samples identified as

LLF-1P, SLF-1P, and NLF-1P by Stauffer, had been removed from the cap of each.

of three landfills by Stauffer Chemical Company at their Mobile. Alabama

facility. These samples were given Matrecon identification numbers E475,

£476, and E477, respectively. An inventory and dimensions of the samples are

presented 1n Table 1. Sample LLF-1P (E475) was received with two small cuts

(1/4-in. to 1/2-in. long), one 2-1n.-1ong cut, and a hole at the apex of a

dimple 1n the sheeting.

TEST METHODS

Tensllt properties of the exposed 3110 samples were measured at the

request of the client, 1n accordance with both ASTM 0638-84 and 0882-73 test

methods.

Tensile testing was conducted 1n accordance with ASTM 0882-73 using

1 in. by 6-1n. strip specimens. Initial jaw separation was 2 Inches and the

rate of jaw separation was 20 Inches per minute (1pm).

3
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TABLE 1. INVENTORY OF EXPOSED DU PONT 3110 20-MIL LINER SAMPLES
COLLECTED BY STAUFFER CHEMICAL COMPANY AT THEIR MOBILE, ALABAMA FACILITY

Matrecon
identification

Client
Identification

Sample
size, in,

Date
received

E475 Sample No. ILF-1P,
Le Moyne Landfill Cover
R/8/86 * 10:55 AM, W.P.S,

19 x 19 8-12-86

E476 Sample No. SLF-1P,
Cold Creek South Landfill
Cover, 8/8/86 9 2:30 PM,
W.P.S.

19 x 19 8-12-86

E477 Sample No. NLF-1P.
Cold Creek North Landfill
Cover. 8/11/86 9 8:45 AM,
W.P.S.

19 x 19 8-12-86

Matrecon, Inc.
M87-343 <1232>
September 23. 1986
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Tensile testing was also conducted 1n accordance with ASTM 0638-84 using

type IV dumbbell specimens and a rate of jaw separation of 20 1pm.

. The volatlles content was measured by weighing a specimen before and

after heating it in an oven at 105'C for 2 hours.
' «

RESULTS

Values for tensile strength and volatiles content are summarized in

Table 2. Values for tensile strength, measured in accordance with ASTM 0638-84,

are compared with values obtained from Hatrecon's data base for unexposed

du Pont 3110 22-mil sheeting which was tested under the same conditions.

Tensile property values, measured 1n accordance with ASTM 0882-73 with

strip specimens, are compared with the du Pont specification values taken from

the du Pont Brochure E906896. The specification values are generally con- •

servative and may not be typical of the actual test data. During these tests,

the strip specimens slipped 1n the tester grips. This resulted in false

elongat1on-at-break values, that were substantially 1n error on the high side,

as the elongations were measured by jaw separation. Also, the tensile strength

values were significantly lower than the values in the specification.

The tests of tensile properties, 1n accordance with ASTM 0882-73 using strip

specimens with benchmarks, were repeated. The results presented 1n Table 3
show comparable moduli (S-100I and S-2001) to those obtained with dumbbell

specimens. The ends of the specimens still slipped in the grips and 10 of the

12 specimens broke outside the benchmarks, resulting 1n low tensile values.

"Henry Pf Haxo, Jr. '9 Ben.f£m1n B. White GTry/ffll vatne
President . Physical Testing Laboratory L1n{r^1ater1als Laboratory

HEH/B8W/GW:rmr

Attachments: 3 Tables 4
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TABLE 1. INVENTORY OF EXPOSED OU PONT 3110 20-MIL LINER SAMPLES
COLLECTED BY STAUFFER CHEMICAL COMPANY AT THEIR MOBILE, ALABAMA FACILITY

Matrecon
Identification

Client
Identification

Samp 1e
size, 1n.

Date
recei ved

£475 Sample No. LLF-1P,
Le Moyne Landfill Cover
8/8/86 9 10:55 AM, W.P.S,

19 x 19 8-12-86

E476 Sample No. SLF-1P,
Cold Creek South Landfill
Cover, 8/8/86 fr 2:30 PM,
W.P.S.

19 x 19 8-12-86

£477 Sample No. NLF-1P,
Cold Creek North Landfill
Cover, 8/11/86 9 8:45 AM,
W.P.S.

19 x 19 8-12-86

Matrecon, Inc.
M87-343 <1232>
September 23, 1986



TABLE 2. TENSILE PROPERTIES AND VOLA
LINER SAMPLES* COLLECTED BY STAUFFER CHEl

INTENT OF EXPOSED DU PONT 3110 ?0-MIL
.OMPANV AT THEIR MOBILE, ALABAMA FACILITY

Property
Volatile*. I
Tensile properties
measured In accordance
with ASTM D882-73C
Tensile at break, psl

Elongation at break, %

Stress at 1001
elongation, psl

Stress at 2001
elongation, psl

Tensile properties
measured In accordance
with ASTM 0638-84*
Tensile at break, psl

Elongation at break. 1

Stress at 1001
elongation, psl

Stress at 2001
elongation, psl

Test
direction

Machine
Transverse
Machine
Transverse
Machine
Transverse
Machine
Transverse

Machine
Transverse
Machine
Transverse
Machine
Transverse
Machine
Transverse

sample
LLF-1P
(E475)»

0.49

2555
2230
d
d

1015
885
1075
980

2810
2495
715
635
955
940
1035
1005

Stauffer
Identification
SLF-1P
(E476)*

0.32

2360
1990
d
d
995
930
1075
1015

2570
2215
615
550
995
925
1085
1020

NLF-1P
(E477)»

0.43

2325
2360
d
d
975
970
1030
1020

2445
2610
600
615
985
960
1055
1045

Du Pont
specification

value*1

...

2400
2400
600
600
750
750
800
800

• • •

* • •

...

...

Du Pont 3110
22-mll liner (36)
from Matrecon

database
0.15

* • •

...

...

...

2715
2525
675
655
940
905
1035
1000

OJ

CD

CD
CD

'Matrecbn Identification numbers.
bFro« du Pont Brochure E90896.
cTested specimen: strip 1 In. x 6 In.
dSlipped In grips.
elest specimen: Type IV dumbbell.

Matreeon. Inc.
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TABLE 3. RETENTION Oft,TENSILE PROPERTIES OF EXPOSED SAMPLES
IN ACCORDANCE WITH ASTM 08#73 USING STRIP SPECIMENS WITH BENCHMARKS*

' *

Property
Tensile it break, ps1 -

Elongation at break, I

Stress at 1001
elongation, ps1

Stress at 2001
elongation, ps1

Test
direction
Machine
Transverse

Machine
Transverse

Machine
Transverse
Machine
Transverse

Stauffer
sample Identification

LLF-1P SLF-1P NLF-1P
(E475)° (E476)b (E477)<>
230S 2085 2115
2075 1815 2205

635 575 600
610 505 635

970 935 980
90S 880 950

1020 1015 1020
965 975 990

Du Pont
specification

value0

2400
2400

600
600

750
750

800
800

•Each sample was tested in duplicate In each direction; values are averages.
Out of the 12 specimens tested in the retest, 10 of the specimens broke out-
side the benchmarks, I.e. between the benchmarks and the grips.

bMatrecon Identification numbers.
cFrom du Pont Brochure E90896.

Matrecon, Inc.
M87-343 <1232>
October 14, 1986
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SPECIFICATION
DU PONT 3110* ELASTICIZED POLYOLEFIN SHEETING

Property
Tensile Strtngth
Modulus® 100%

200%
Elongation at Break
Water Absorption

Cold Bend Test
Brittleness Temperature

Ozone Resistance

After Heat Aging
Tensile Strength
Elongation at Break

Specific Gravity
Graves Tear
Dimensional Stability (linear)

Volatile* or P1a»tfcizer Lose

Teal Method
ASTM 0-682-73
ASTM 0-682-73

ASTM 0-882-73
ASTM 0-471
(14 days® 212° F.)
ASTM 0-2136 .
ASTM 0-746 Procedure "B" \

ASTM 0-1149
3 ppm @ 30% Strain
@104JF. for 70 hra.
Procedure "A"
ASTM 0-412
(14days®212 F.)

ASTM 0-792 (25/4'C.)
ASTM 0-1004
ASTM 0-1204
After 3 hours® 212"F.
ASTM 0-1203
Method "A"
Thickness 0.021*

Requirement
Min. 2400 pei.
Min. 750 pei.
Min. 800 pei.
Min. 600%
Max. Wt. Change

3.0%
No Cracks at
-60°C. (-76'F.)1

No Cracks
6x Magnification

Min. 2300 pet.
Min. 500%

0.90 ±0.05
Min. 300lb./in.

Max. 4%
Max. Wt. Loss

0.5%

*Th« Dnttl«n««i
t*mp«rtturt H low«r
mtn-80'C. <-78'P)
but (Ms wu tn« l imi t

tni •quipmtnt.

tar tlHUtlnt

E. I. DU PONT DE NEMOURS « CO. (INC.)
ELASTOMER CHEMICALS DEPT.
SUITE 724, BANK OF DELAWARE BUILDING
W1LMINGTON, DELAWARE 19898

Phone for
Order Servtoe: (302) 774-5»29
Technical Ami
(302)7744445
(302)774 (̂751
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APPENDIX XVII
MERCURY IN SWAMP MAP, DWG. 1.3

2468G 6361-740
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APPENDIX XVIII

TRACE CHEMICAL ELEMENT CONTENT OF NATURAL SOILS

2468G G361-740
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TRACE CH-MCA1 ELZXTT CPNTSr OF NA7VRA1 SOILS

Corner Ranee Averaee
Elsnert (DOT; (PF»^

Alurin^

Anci^ory

Arsenic

Bari'jr.

Berylli'jr

Boron

Brorcine

Cadrriu*:

Cesiur

Chlorine

Chrcniur.

Cobalt

Copper

Fluorine

Gftlliun

Gold

Iodine

Lanthamsn

Lead

10.000-300,000

2-10

1-50

100-3.000

0.1-40

2-100

1-10

0.01-0.7

0.3-25

20-900

1-1,000

1-40

2-100

10-4,000

0.4-300

0.1-40

1-5,000

2-200

71 ,000

-

5

430

6

10

5
.06

6

ino
100

8

30

200

30

1

5

30

10
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TRACE -X^r CONTEST OF NATVRA1 SOILS - OONTD.

Flerenc

Lithium

Map-iesiur.

Manganese

Mercury

Molybdenum

Nickel

Radium

Rubidium

Selenium

Silver

Strontium

Tin

Tungs ten

Uranium

Vanadium

Yttrium

Zinc

Zirconium

Common Ranee
(por>

5-200

600-6,000

20-3 .000

0.01-0.3

0.2-5

5-500
8 x 10-5

50-500

0.1-2

0.01-5

50-1 .000

2-200

0.9-9

20-500

25-250

10-300

60-2,000

Averaee
(pprr)

20

5,000

600

.03

2

40

10

.3

.05

200

10

1

1

100

50

50

300

REF: USEPA Office of Solid Waste and Emergency Response,
HAZARDOUS WASTE LAND TREATMFNT, SW-874 (April, 1983)
Page 273. Table 6.46.

- 2 -



3 10 00319

APPENDIX XIX
COMPREHENSIVE TOXICITY REVIEW

2468G G361-740
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Mercury

Mercurv exists as the metallic, inorganic and organic forrs, which car. be
changed in the environment. For exarrrle, inorganic mercury can be converter
to methyl and dijnethyl mercury by microorganisms Soth aerohically and
anaerobically. Most of the mercury in drinking water is in the inorganic
form.

The ACGIH has es:ablished the following TLVs for mercury compounds

mercury vapor 0.05 rag'm3 TWA
aryl and inorganic mercury 0.10 mg/m3 TWA

aliryl mercury 0.01 rag/m3 TWA
0.03 tng/m3 STEL

The WHO guideline (198-1 for total mercury in drinking water is 1 ug/1. T^e
EPA MCL for mercury is 2 ug;l.

Mercury can be taken up by fish, bioacomilate, and produce toxic effects in
humans ingesting contaminated fish. Mercury concentrations of 0.20 ppm or
less are normal for freshwater fish. The FDA has established a mercury
concentration of 0.5 oom in the edible portion of fish tissue as a criteria
for recommending legal action to the Division of Regulatory Guidance.

Carbon Tetrachloride

The ACGIH has established 5 POT TWA as the TLV for carbon tetrachloride. T-e
STEL of 20 pom has been deleted until more information is available.

The risk estimates for carbon tetrachloride have been reported by the Safe
ino Water Committee C1977) based on the chronic animal studies and using

a dose per surface area conversion factor. The estimates of ljjEe_t_ijne_risk for
man ingesting 1 \vf\ are 4.5 - 5.4 x 10'&. The 95% upper confidence limits
are 1.0 - 1 .1 x 10"'.

Carbon tetrachloride is considered to be slightly toxic to aquatic species.
The EC50 in daphnia at 48 hr is 35.2 rag/1. The LC50 in bluegill at 96 hr.
has been reported to be 125 mg/1, 27 mg/1 and 38 tng/1. The LC50 in tidewater
silverside at 96 hr. is 150 mg/1. The LC50 in liraanda at 96 hr. is 50 mg/1.
The LC50 In liraanda at 16 hr. is 50 mg/1. Carbon tetrachloride has a lev?
potential to bioaccunulate in fish (RTECS, HSDB, 1986).

Rainbow trout were given diets containing 3200 and 12800 ppra of carbon tetra-
chloride for 20 months. Hepatomas were found in 4/44 animals at the low dose.
3/34 animals at the high dose and none in the controls (RTECS, HSDB, 1986).

Nickel

The average daily oral intake of nickel has been reported to be 400 to 500
ug/day (FR Vol. 50, No. 219, 46977). Most of the nickel that is ingested is
not absorbed and is excreted in the feces. Fecal excretion of nickel is 100
times greater than urinary excretion. There appears to be a mechanism that
limits the intestinal absorption of nickel in mammals, despite the relatively
large aroounts of nickel in their food (Drinking Water and Health, 1977).
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The ACGIH has established the following TLVs for nickel compounds:

me:si 1 .0 TIE 'TT)3
insoluble conoounds 1.0 mg'T-

solublp inorganic compounds 0.1 mg -r3

The average concentration of nickel in tan water is approximately 4.8 ug'l
(FR Vol 50. No. 219, 46?7"M . Because of the low toxicity of nickel in foo-i
and drinking wa:er, the low concentrations present in drinking water, and tue
small dai'lv intake of nickel in drinking water (comoared with food), there ha?
beer no need to establish safe levels for nickel in drinking water. The
USE?A National Interim Primary Drinking Water Standards and the WHO Eurooear
standards for drinking water do not include standards for nickel. However,
a guidance level of 0.15 mg/1 has been determined based on a two year feeding
study in the rat (NQAEL of 5 rag/kg/day) and the estimated intake of nickel
frorr'food and air (FR Vol. 50. No. 219, 46978).

The LC50 for Channa punctatis at % hr. is 307 mg/1 for nickel. The LC50 for
Daphnia magna at 3 wk. is 0.13 rag/1. The LC50 for Acroneuria lycoria at
96 hr. is - mg/1. The LC50 for Artania salina at 48 hr. is 163 rag/1.
(RTECS, HSDB. '1986).

Nickel affected the hatching process, delayed hatching and increased mortality
of embryos when egss, alevins, swim-up fry and 8 month old Atlantic salmon were
exposed to nickel. The maximum acceptable toxicant concentration was apsroxinateli
50 ng/1 (RTECS, DSDB, 1986).

Although aquatic organisms may accxmulate nickel from their surroundings, there
is little evidence for significant biomagnification of nickel along food chains
(RTECS, HSDB, 1986).

The EPA has recently issued the following ambient water quality criteria for
nickel: The four day average fresh water concentration is eC0-*460!^ (hardness)J*
U645) ug/1. The one hour average fresh water concentration is e(0.8460
[1n(hardness)]+3.3612).

Chromium

The ACGIH has established the following TLVs for chromium compounds:

metal 0.5 mg/rn^
Cr+2 0.5 ng/m3
Cr+3 0.5 mg/m3

(water soluble compounds) 0.05
(certain water insoluble compounds) 0.05

Cr (chromate ore processing) 0.05

The Interim drinking water standard for chromium is 0.05 mg/1. The aubient
water quality criterion to protect huoan health from Cr*6 is also 0.05 mg/1
(RTECS, HSDB, 1986).
The anbient water quality criterion for total recoverable, Cr4* to protect
freshwater aquatic life is 0.9 ug/1 as a 24 hr. average, and a ceiling of 21
ug/1. The concentration of total chromium should not exceed 0.05 rag/1 for the
protection of freshwater organisms (RTECS, HSDB, 1986).

- 2 -
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Cyanide

Cyanide is relatively un cannon in most U . S . water suoplies. The average
cyanide concentration was 0.09 uc 1 and the Merest cvanide concentration was
8 ug' l in 2595 water samples of 969 U . S . public water suociv systems in ' 3 ^ ~
(FR Vol. 50, No. 219. 46973-.

The ACG1H has established the following TLVs for cyanide corarxnjrds

sodixjr cyanide 5 mg'TT^
potass i-jT! cyanide 5 mg'r.3

The WHO considers a guideline value of 0.1 mg/1 to be reasonable for cva-ide.
The EPA's ambient water quality criteria for cyanide is 3.77 rag /I. Since
cyanide levels in drinking water are so lov. the EPA has decided not to orcrcse
an KCL for cyanide (FR Vol. 50. No. 219. 46978).

Zinc

Zinc is an essential trace element in human and animal nutrition. The reconnended
daily allowances for zinc recommended by the NAS are as follows: adults, 15 mg/'day;
growing children over one year old, 10 rag/day-, and additional supplements during
pregnancy and lactation. As far as human health in the general copulation is
concerned, the major concern with zinc is not with toxicity, but rather with marzinal
or deficient intake.

Levels of zinc in drinking water are typically less than 0.2 mg/1, the
maxiirjrc is 1.5 tng'l (Drinking Water and Health, 1980). Food is the ma;cr
source of zinc, aporoxunatelv 12 mg/day. The contribution of drinking water
to the dailv nutritional requirement for zinc is negligible under nest
circumstances.

The AOGIH has established the following TLVs for zinc compounds:

zinc chloride 1 tng/m3
2 mg/n>3 STEL

zinc chromates 0.05 rag/nH
zinc oxide 5 rag/nn TWA fane

10 mg/tn3 TWA total dust
10 mg/n>3 STEL fune

zinc stearate 10 ng/m3 TWA total dust

The NAS Safe Drinking Water Connittee stated that "zinc is an essential nutrient
for humans. There is evidence of borderline deficiencies of the element in
children In the United States as well as in other parts of the world.... The
possibility of detrimental health effects arising from zinc consumed in food
and drinking water is extranely remote" (FR Vol. 50, No. 219, 46981).
The secondary drinking water standard and recommended primary interim drinking
water standard for zinc are 5 reg/1 (Drinking Water and Health, 1977).

- 3 -
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Pesticides ~

Drinking water concentration guidelines have been developed by Stauffer
Company for EFTC. butvlate. vemclate, oebulate, molinate and cycloate. T̂ .e
guidelines are derived frorr rh* acceptable d*ily inrakes established bv the E?A
QT from the no observable effect levels from various Stauffer toxicology stuc:es.
In the calculation of t^ese guidelines, it was assorted that the hody weight was
10 kg and that 1 1 of water was ingested per dav. The proposed safe drinking
water levels are listed below.

Cciii'juund Proposed Safe Drinking Water Level (me7!)

EPTC 0.5
Bucylate 2.0
Vernolate 0.1
Pebulate 4.0
Molinate 0.2
Cycloate 0.05-

The proposed safe drinking water levels for EFTC and butylate are based on the
acceptable daily intake established by che F?A as listed *« rhe Reaistration
Standards. The proposed safe drinking water level for vernoiate is based on
che no observable effect level for che 2-generation reproduccion scudy tn che •
rat (1 rag/kg/day) and a safety factor of 100. The proposed safe drinking
voter level for pebulat* is based on Che no observable effecc level in the
chronic feeding scudy in the mouse (40 rag/kg/day) and a safety factor of 100.
The ETOposjed—safe drinking water level for tnolinate is based on che no
observable effect level in che 3-generacion rfprjaflucrlon scudy in che rat
(0.2 mg/kg/day) and a safety factor of 10̂ . The proposed safe drinking water
level for cvcloace is baseH on che no observable effect level in che chronic
feeding scudy m che rac (0.5 rag/kg/day) and a safecy factor of 100.

Molinace

Subchronic Feeding In ch* Rac

Molinace was fed co racs at dietary levels Co provide 0, 35, 70 and 140 rog/kg/day.
Signs of Coxicicy Include increased Chyroid and adrenal weights, kidney datnaae,
changes in che ovaries and slight changes in che adrenals. A no effecc level was
not defined in this scudy.

In a second study. oolinace was fed Co racs at dietary levels co provide 0, 8, 16
and 32 mg/kg/day. Signs of coxicicy include increased chyroid weights and slight
changes in the adrenals. The no deleterious effecc level was 8 mg/kg/day.

- 4 -
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Subchronic Feeding Study in thp Dog

Sliehtlv increased thyroid weigh: was observed ir. does fed molinate at
41 tng''kg day. No effects were observed at 20 mg "<*-'day.

Subchronic Inhalation Study in the Rat

Two subchronic inhalation studies in the rat were performed at Stauffer Che-:ca'_
In the first study, animals were exposed to molinate at concentrations of
0. 0.1, 0.6, 1.8, or 4.0 mg/nP for 6 hr/day, 5 days'wk for 13 weeks. Sizr.s
of toxicitv included nasal epithelial and sinus alterations, necrotizing
rhinitis, slight degeneration of the testicular germinal epithelion anr1
decreased fertility.

In the second studv, male animals were exposed to molinate at concentrations cf
0, 0.07, 0.16, 0.30, 0.64 or 1.6 mg/nn for 6 hr/day, 5 davs'wk for 4 weeks.
Decreased fertilitv was observed for animals at the 0.64 and 1.6 mg.'rn3 levels.
No effects on fertility were observed at the 0.07, 0.16 or 0.30 mg/nP levels.

Fertility Study in the Male Mouse

Animals were treated at dosaaes of 0, 2, 20, 100 or 200 mg/kg/day by gavage for
seven weeks. Decreased fertility was observed in males at the 100 and 200
rag/kg/day levels. The decreased fertility was reversible after a 4 week recovery
period. No effects on fertility were observed at the 2 or 20 mg/kg/day levels
and no histopathological changes were observed at any of the dosage levels.

Fertility Study in the Male Rat

In the preliminary phase of this study, animals were treated at dosages of
0, 12, or 60 mg/kg/day for 5 days. Subsequently the animals were mated with
1 fenale/wk for 10 weeks. The results of this study indicate late soemstid
development is affected by molinate. No effects were observed at 12 mg/kg/day.

In the final phase of this study, animals were treated at dosages of 0, 0.2, 4,
12 or 30 mg/kg/day for 5-10 wk. Subsequently the animals were mated with 2
fenales/wk for 1-2 wk. Decreased fertility, changes in sperm viability morpho-
logy, motilicy and concentration, and an increase in degenerating sperraatids
were observed at the 4, 12 and 30 mg/kg/day levels. No effects were observed
at the 0.2 «n/kg/day level for 5 weeks.

Fertility Study In the Male Rabbit
Animals were treated at dosages of 0, 2, 20 or 200 mg/kg/day in capsules for
6 weeks. No effects on fertility or histopathology were observed at any of the
dosage levels.

- 5 -
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Sperm ?roduction_Study in the Male Monkpy

Animals were treated orallv at dosages of 0. 0.2. 10 or 50 rag/kg/day five
days, wv. for 12 weeks. No effects were observed ir. soer" motilitv, sperr.
morpholoev. soerr? concentration, seminal fluid vrlone. serjr luteinizine
hormone, serjr follicle stimulating hormone or serjn testosterone levels
at any of the dosage levels.

Reproduction Studv in the Rat

A three generation reproduction study in the rat was performed with molinate at
dosage levels of 0, 0.063. 0.2 and 0.63 rag/kg/day in the diet. A reduction in
the nunber of litters produced per nunber mated and a decrease in pup survival
were observed at the highest dosage level. No effects were observed at the low
or mid dosage levels.

Rats appear to be the most sensitive to the fertility effect of molinate. " Further
studies in rats of timed matings and electron microscopy of sperm demonstrated
that the fertility effects correspond to the time the sperm are extruded from
the Sertoli cells. Electron micrograph studies showed that the membrane of the
midpiece of spera appeared to rupture or disappear as an early event, even wher.
mitochondria appear normal. Subsequently, head and midpiece separate and total
disorganization of the midpiece occurs. This suggest the site of action may be
directly on the sperm and that it occurs either just before or .lust after extrusion
from the Sertoli cells. Gross morphology of rat sperm differs considerably fror.
rabbit and monkey sperm, especially with respect to the relative length of the
midpiece and the manner of its attachment to the head. In this aspect, hunar.
sperm more closely resemble rabbit and monkey sperm. The male nonkevs reproductive
system is roost similar to hunans with respect to physiology, hormonal syster, and
spem morphology.

Teratology Study in the Mouse

Molinate was fed to mated female mice at dietary levels providing dosages of 0,
8 and 24 rag/kg/day on gestation days 6-15. No signs of maternal toxicicy were
observed and no teratogenic effects were observed in the fetuses.

Teratology Study in the Rabbit

Molinate vaj administered by oral gavage to mated female New Zealand White
rabbits on flotation days 7 through 19 at dosages of 0, 2, 20 and 200 rag/kg/day.
Embryofetotoxlcity was observed at the 200 rag/kg/day level, but was considered
to be secondary to maternal toxicity. The no effect level for maternal and
enbryofetotoxicity was 20 mg/kg/day. No teratogenic effects were observed at
any dosage level.

Chronic Study in the Mouse

Molinate was fed to CAP hybrid mice at dietary levels providing dosages of
0, 3.6, 7.2 and 14.4 mg/kg/day for 99-101 weeks. Additional groups were exposed
In utero and during gestation followed by similar dietary feeding for a total
exposure up to 76 weeks. Survival at the high dosage level in mice exposed
In utero may have been slightly reduced. The no effect level was 7.2 mg/kg/day.

- 6 -
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Chronic Study in the Rat

Molinate was fed to Fisher rats at dietary levels providing dosages of
0. 8, 16 and 32-rag/kg/day for the first 18 weeks, and 0, 0.63. 2.0 and
6.32 mjz•"<£•'day for the remainder of the experiment (a: lease 104 wk).
Signs of coxicity include^ decreased body weight eain, increased testicular
weight and possibly decreased kidney weight. No effects were observed at
0.63 rag 'kg dav.

Genetic Toxicity Studies

Molinate was negative in a Rec-assay with. Baci 1 lus suhtilis H-17 and M-~5
strains. Mclinate was negative in tests with EscHericha coli WP2 her strain
and five strains of Salmonella typhunuruin both with and without a metabolic
activation system. Molinate was negative in a host mediated assay in mice
using Salmonella typhimuriurn G-46. Molinate was negative in a micronucleus
test in the mouse. Molinate was negative in an _in vitro chromosomal aberraticr
and sister chromatid exchange test with mouse lymphoraa cells.

Neurotoxicity Study in the Hen

Molinate was administered to hens orally at 0, 0.02. 0.063, 0.20, 0.63 and
2.0 g/kg two times with a 3 week interval. Mortality was associated at the
0.63 and 2.0 g/kg levels. Degeneration of nerve axons in brain, spinal cord .
and peripheral nerves was found in all hens at the 0.63 and 2.0 g/kg dosage
levels. However, none of the molinate-treated hens exhibited clinical sigis
of delayed neurotoxicity similar to those seen after administration of the
positive control.

Toxicity Study in Mallard Ducks

Molinate was fed to mallard ducks at dietary concentrations of 0.1, 0.18, 0.32,
0.56. 1.0, 1.8 and 3.2* for five days. The LC50 was 1.3* and the no effect level
was 0.1*.

Subchronic Toxicicy Study in Coturnix Quail

Molinate was fed to quail at dietary concentrations of 10, 100 and 1000 pcra for
nine weeks. Signs of coxicity included decreases in feed intake, body weight
and hatchability. No effects were observed at the 10 pprn level.

Toxicity Studies to Aquatic Species

The LC50 of nolinate In rainbow trout is 0.54 mg/1 at 24 hr. 0.29 mg/1 at 48 hr
and 0.20 rag/1 at 96 hr. The LC50 of raolinate in Leiostonus xanthurus, an
estuarine fish, is greater than 1 rag/1 at 24 and 48 hr.The EC50 of raolinate in
In oysters is greater than 1 mg/1 at 96 hr. The EC50 for raolinate in Penaeus
azterus is greater than 1 mg/1 at 24 and 48 hr.

- 7 -
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The toxicity of these materials to aquatic species is lisred below:

Conrpounc

EP7C

Burvlate

Vemolace

Pebulace

Mclinace

Cvcloate

Specie

tro-jc
daphr.ia

C:T— -• cSUT. » .5

bluegill sunfish
trout
daphnia

bluegill sunfish
trout
daphnia

blueeill sunfish
trout
daphr.ia

bluegill sunfish
trout
daphnia

bluegill sunfish
daphnia

Time Poir:
(hr.)

96
96
48

96
48

96
%
48

96
%
48

96
96
48

96
48

Endpoint

LC50
LC50
LC50

LC50

LC50
LC50
LC50

LC50
LC50
LC50

TL50
TL50
LC50

LC50
LC50

Value

10-35 me'l
14 mjt'l

6.4 mn/1
7.0 IHR'l
11.9 ng.'l

8.4 mg'l
9. f mg'l
7.6 mg ' 1

7.4 nig/1
7.4 mg/1
2.1 mg/1

18.8 ng'l
6.97 mg'l

19.4 tng/1

4.6-6.8 me'
24 mg 1

In addition, a 25 day bioconcentration study has been conducted with radrelabelled
cycloate in bluegill sunfish. By day 14 of the depuration phase, 94-985 of the
cycloate was eliminated. This indicates that bioconcentration of cycloate is not
remarkable and that residues are rapidly cleared from fish tissues once exposure
is terminated.

- 3 -
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EPTC

Subchronic Rat Feeding Study

EPTC was fed in che diet co groups of rats to provide dosaee levels of
0. 8. 16 and 32 rag'"*g'dav for 13 wks. Sig-is of toxicity at the 32 rag/'k? cay
level include decreased body weight and food intake and' slight irreeularitv
in hepatic cell size with some glycogen depletion. No adverse effects -were
observed at the 8 and 16 rag'kg'day levels.

Subchronic Dog Feeding Study

EPTC was fed in the diet to groups of dogs at dosage levels of 0, ̂ 50, 90C
and 1800 pprr. Signs of toxicity included decreased brain cholinesterase
levels, hair loss and changes in gastric raucosa.

Subchronic Rat Inhalation Study

Animals were exposed to 0, 8.3. 58 or 290 rag/m3 for 6 hours/day, 5 days/week
for three months. Signs of toxicity included decreased food consumption
(mid and high dosage levels), increased SCOT (high dosage level), mild
transient histopathological changes in nasal epithelium and sinuses (mid and
high dosage levels), decreased brain cholinesterase levels (high dosage level)
and myocardial degeneration (high dosage level). The latter observation was •
considered by the E?A to be virally induced. No treacnent-related effects
were observed at the low dosage level.

Rat Teratology Study

EPTC was administered to groups of mated female Charles River CD* rats by
gavage at dosage levels of 0, 30, 100 and 300 rag./kg./day on gestation days
6 through 15. Maternal toxicity was observed at the highest dosage level.
Slight embryotoxicity may have been observed at the mid-dosage level. No
effects were observed at the low-dosage level. No teratogenic effects were
observed at any dosage level.

Reproduction Study in the Rat

EPTC was fed Co group* of rats at dietary levels of 0, 40, 200 and 1000 par
for two generations with two matings per generation. No adverse reproductive
effects were observed.

Chronic Mouse Feeding Study
EPTC was fed in the diet to groups of mice to provide dosage levels of 0, 5,
20 and 80 mg/kg/day for two years. Signs of toxicity included decreased
body weight and food consumption.

- 9 -
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Oiror.ic Rat Feeding Study

The racs received E3TC in the feed to provide dosaee levels of 0, 5, 25 or
125 ng/kg.'day for two years. Signs of toxicity included mortality (males
at the higu dosage level) decreased food consolation and weight gain (botu.
sexes at the mid and high dosag« levels), coagxilopachy (males at the high
dosage levels, cataracts (females at the high dosage level), altered carriage
of the testes (at the high dosage level), and hindlimb weakness and muscular
atrophy, hindlirab peripheral nerve and soinal cord axonal-degeneration (hot1"
sexes at the mid and high dosage levels). A spontaneous level of mild heart
muscle degeneration was observed at the control and low dosage levels. EPTC
increased the severity of heart muscle degeneration at the mid and hig5^
dosage levels. No Conors were considered to be induced by EPTC administrario-.
and no treaaner.t related effects were observed at the low dosage level.

Butylate

Subchronic Feeding Study in the Rat

Butylate was fed to groups of rats at dosage levels of 0. 8, 16 and 32 rag/kg/day
for 13 weeks. No effects were observed at any dosage level.

Teratology Study in the Mouse

Butylate was administered to groups of mated female mice at dosages of 0, ̂ ,
8 and 24 mg/kg/day on day 6 through termination of gestation. No signs of
maternal toxicity and no teratogenic effects were observed in this study.

Teratology Study in the Rat

Butylate was administered to groups of mated female rats by gavage at dosages
of 0, 40, 400 and 1000 ng/kg/day during gestation days 6 - 20. The no effect
level for general toxicity was 40 rag/kg/day. No teratogenic effects were
observed in this study.

Reproduction Study in the Rat

Butylate was fed to groups of rats at concentrations of 0, 200, 1000 and 4000
ppm for Cuo generations. The no effect level for general toxic and reproductive
effects was 200 ppn.

Chronic Feeding Study in the Rat

Butylate was fed to groups of rats at dosage levels of 0, 50, 100, 200 and
400 mg/kg/day for 2 years. Signs of toxicity included decreased weight gain,
increased food consumption, increase liver weights and increased hepatocellular
hypertrophy. No effects were observed at 50 mg/kg/day.

- 10 •
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Pebulate

Subchronic Inhalation Study in the Rat

Groups of rats were exposed to mean pebulate concentrations of 0, 3.4, 16.1
and 79.3 mg'r?3 for 6 hr/day. 5 days'wk for 14 weeks. Sijns of toxicicy
include increased in vitro coagulation times, inhibition of brain and
erythrocvte cholinesterase levels, kidney damage and change? in nasal
epithelium. No effects were observed at 3.4 ng/m3.

Subchronic Feeding Study in the .Rat

Pebulate was administered to groups of rats at dosages of 0, 8, 16 and 32
mg/kg'day for 14-15 weeks. The only sign of toxicity was irritability at
the 32 rog.Teg/day level. No effects were observed at the 16 mg/kg/day level.
Teratology Study in the Mouse

Pebulate was administered to groups of mated farvale mice at dosages of 0, 8
and 24 mg'kg/day during gestation days 6 through termination. No signs of
maternal toxicity and no teratogenic effects were observed 'in this study.

Neurotoxicity Study in the Hen

Pebulate was administered to groups of hens at two dosages of 8.9 g/kg with
a three week interval between each dosage. No signs of acute delayed neurc-
toxocity were observed.

Chronic Feeding Study in the Mouse

Pebulate was administered to groups of CEP-1 mice at dosage levels of 0, 10,
40 and 160 rag/kg/day for two years. Signs of toxicity include decreased
erythrocyte count, decreased hemoglobin, decreased henatocrit and Increased
liver weights.

Vernolate

Subchronic Feeding Study in the Rat

Vernolate uu administered to groups of rats at dosages of 0. 8, 16 and 32
mg/kg/day for 14 weeks. No signs of toxicity were attributed with certainty
to vernolat*.

Subchronic Feeding Study in the Dog

Vernolate was administered to groups of dogs at dietary levels of 0, 400,
900 and 1800 ppm. No signs of toxicity were attributed with certainty to
vernolate.

- 11 -
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Teratology Study in the Mouse
Vernolate was administered to groups of mated female mice at dosages of
0. 8 and 2- mg/kg on gestation days 6 through termination of gestation.
No signs of maternal toxicity or teratogenicity were observed at any dosage
level.

Teratology Study in the Rabbit

Vernolace was administered to groups of mated female rabb'its at dosages of
0, 2, 20 and 200 mg/kg/day for gestation days 6 through 21. No signs of
maternal toxicity or teratogenicity were observed at any dosage level.

Reproduction Study in the Rat

Vemolate was administered to. groups of rats at dietary levels of 0. 2<~>.
100 and 500 ppm for two generations with two matings per generation. Signs
of toxicity included decreased body weight and food consumption. No adverse
reproductive effects were observed at any level.

Neurotoxicity Study in the Hen

Vemolate was adninistered to hens in two dosages of 10 ml/kg with a 21 day
interval between dosages. No evidence of delayed paralysis was observed.

Cycloate

Subchronic Inhalation Study in the Rat

Animals were exposed to 0, 1.2, 13 and 119 rag/nP for 6 hours'day. 5 davs'wee<
for 68 exposure days (three months). An increase in the incidence and'or
severity in Wallerian degeneration of the peripheral nerves was observed at
the high exposure level. No histopathological effects were observed in
peripheral nerves from animals exposed to low or mid dosages.

Teratology Study in the Rat

Cycloate was adninistered to groups of mated female rats at dosages of 0, 10,
75, 175 and 400 ag/Vg/day for gestation days 6 through 15. Signs of maternal
toxicity were observed at dosage levels of 175 and 400 mg/kg/day. No signs
of embryofeeoeoxicity or teratogenic effects were observed.

Neurotoxicity Study in the Hen

A neurotoxicity study in the hen was performed at the very high dosage levels
of 10,170 mg/kg (2 doses) and 3,051 mg/kg (10 dosages). The LD50 of RO-NEET
in the hen is greater than 10,170 mg/kg. No behavioral or histopathological
evidence of muscle or nerve degeneration was observed indicating cycloate does
not produce acute delayed neurotoxicity.
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Chronic Feeding Study in the Mouse

A two year chronic mouse feeding study was performed ac dosages of 0, 20.
60 and 180 mg/kg/day. Histopachological examination, included brain, spinal
cord, nerve and muscle tissues. No effects on nerve or muscle tissue were
detected.

Chronic Feeding Studies in the Rat

The first chronic rat study was performed at Hazleton Laboratories with
cycloate administered in-the feed to provide dosage levels of 0, 8, 2U and
72 mg/kg/day. The second chronic rat study was conducted at Stauffer Chemical
Company's Environmental Health Center (EHC) at dosages of 0, 0 .1 , 0.5, 3 and
16 rag/kg/day. Neuronal and muscular effects occurred principally in older
animals and'were identical to age-related changes seen in controls. The
changes were distinguishable in treated and control animals only by differences
in frequency and severity. An increase in the incidence of posterior neuro-
rauscular weakness was also observed in the first study; however, no evidence
of neurorouscular impairment or neurotoxicity was observed clinically in the
second study. A no observable effect level (NOEL) was not defined in the
first study. The Environmental Protection Agency (EPA) concurs that the NOEL
in the second study was determined to be 0.5 rag/kg/dav.

Chronic Mouse Feeding Study

EPTC was fed in the diet to groups of mice to provide dosage levels of 0, 5,
20 and 80 mg/kg/day for two years. Signs of toxicity included decreased
body weight and food consumption.

Carbon D1sulf1de

Carbon D1$ulf1de (CS-) is a clear, colorless, flammable liquid which 1s only
slightly soluble 1n fcater (2.200 mg/1 » 22°C). The pure chemical bolls at
46.3°C. Very little Information could be found regarding Us toxicity in
liquid or solution form. (The oral toxicity to humans, LDL 1s 14 ing/kg.)
NIOSH, 1n Us criteria document for CS. vapor (1977), recomSended a TWA of 1
ppm, with a 10 ppn celling for any 15 minute period.

TMocyanatt
JMB^-V^——B^^^^MM

TMocyanatts art not normally dissociated Into cyanide. They have a low acute
toxicity. Sod1u» Thlocyanate (NaCMS) has an Oral 10^ for rats of 764 mg/kg.

Prolonged absorption may produce various skin eruptions, running nose, and
occasionally dizziness, cramps, nausea, vomiting and mild or severe disturb-
ances of the nervous system.
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1. INTRODUCTION

Ordram ®, containing the active ingredient molinate, is a selective
thiolcarbamate herbicide for the control of grass weeds such as
Echinochloa spp. in rice. Ordram is used as a emulsifiable concentrate.
Ordram 6 E, containing 720 g active ingredient per litre, or as granular
formulations containing i, 7.b or 10% active ingredient. Ordram is applied
prior to planting followed by soil incorporation or post-flood,
postemergence. Typical application rates are 3.0 - <*.0 of active ingre-
dient per nectar.
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2. IDENTITY

2.1 CHEMICAL NAME AND STRUCTURE

IUPAC Name : S-Ethvl he*ahydro-1H-azepine- l -carbothioate

• CAS - Number : " 2212 - 67 - 1

o
0 Structure : M

C2H55-C-

0 Molecular Height : 1S7.30

0 Empirical Formula : C^H^NOS

2.2 Common Name

Molinate

2.3. Composition of Technical Product

Purity : minimum 95% (w/w)

2.* Commercial Formulations

Ordra* 6C : emulsiflable concentrate containing
720 g molinate/litre

Ordraat 5,7.5,10 C: granular formulations containing
5,7.5 and 10% (w/») molinate
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3. PHYSICAL AND CHEMICAL PROPCRTIES - Ordram technical

3.1 Physical Properties

3.1.1 Appearance :

3.1.2 Melt inn Point :

Clear, amber liquid

below- 308C

3.1.3 Specific Cravit> 1.063 at 20°/20°

3.1 .<* Boiling point 202°C (extrapolated)

3.1.5 Vapor Pressure

3.2 Chemical Properties

5.6 x 10° mmHg at 25°C

3.2.1 pH : 9.0 Ordram/ac etone/*ater)

3.2.2 Flash Point

3.2.3 Solubility at 20°C :

1108C
938C

Kerosene :

Xylene :

Acetone :

Ethanol :

Water :

(TOO
(TCC)

Miacible

Miacible

Miacible

Miacible

970^27*9/1
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3.2.4 Partition Coefficient - Octanol/water :

760 at 2i)8C

3.2.^ H\drol>sis and Solubility Stud> :

The solubility of molinate in deionized water at 2b°C was deter-
mined to be 970 2. 27 mg/1. The results of the hydrolysis stufl>
ipdicatde that under the experimental conditions employed, i.e. at
p b.O, 7.0 and 9.0 and at 2i and 40eC, no- significant hydrol>tic

( break-down of molinate occurred within a 30-day test period.
(Stauffer, RRC 54-!>1, September 1954).

i
I 4. ANALYTICAL ECTHOOS

r 4.1. Formulation Analysis

Active ingredient content of formulations is determined by means of
a gas-liquid chromatograph equipped with a 6ft x 1/4 inch Pyre*
glass column packed with 3% 0V 17 on Gas Chrom Q 60-80 mesh, a
linear temperature programmer and a flame ionization detector.
Ro-Neet (cycloate) is used as internal standard. (Stauffer, WRC

4.2. Determination of Crop Residues

Potential residues are extracted from plant samples by steam
distillation and are determined by gas chromatography using a 10% 0\
17 on 80-100 mesh Gas Chrom Q column and a flame photometric
detector equipped with a 394 nm filter for specific response to
sulfur compounds. The sensitivity of the described method is 0.01
mg/kg Ordram. (Stauffer, WRC 72-43, 1972).

4.3 Water Analysis

Ordram is extracted from the water sample with isooctane and
determined by.gas chromatography using an OV-17 column and a flame
photometric detector in the sulfur mode. Sensitivity of this method
!• 10^jg/l. Use of an Amberlite XAO-2 macroreticular resin absor-
ption column, subsequent elution with toluene and gas chromatography
determination results in lower detection limit of 1xig/l.
The sensitivity of both methods may be further improved by use of
gas chromatography / mass spectrometry employing mass fragmento-
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graphic detection resulting in a lower detection i.
ng,litre. (Stauffer. RRC 75-13, 1975 and RRC 76-21, 1976,

BEHAVIOR OF ORDRAH IN SOIL, WATER AND PLANTS

Soil Persistence/Metabolism

In a laborator> stud> the degradation of C-molinate in soil under
flooded and nonflooded conditions was Investigated. Under moist soil
conditions ^0% of the applied Ordram was lost within 3 weeks. Under
flooded conditions, dissipation was reduced to bO% loss at 10 weeks.
Under aerobic flooded conditions volatilization Of *as ^ne pri~,ar>
mode of dissipation and little degradation occurred. In moist soils.
degradation pathways induce hydroxylation of the azesine ring
further oxidation to the respective ketone, oxidation to the
sulfoxide and cleavage to yield the imine followed b> jfurther
degradation reactions, resulting finally in evolution of "CO. :

o o

(V.M. Thomas and C.L. Holt. 1980)
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+In a studv on soil degradation of C-molinate carried out b> a
Japanese group essentially similar results were found: rapid degra-
dation under unflooded conditions (half-lives : 5-2b days, depending
on soil t>pe) and slower soil degraoation under flooded conditions
(naif-lives : <*0-160 da>s). The degradation pathway identified in
this stud> included several routes, all of them resulting in total
breakdown to "CO, :

O S Og«»if HI

Possible degredatlon pathways of molinate in soil.

(Imai and Kuwatsuka, 1982)
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5.2 AQUATIC DCCRADATION

The fate of [ C] Ordram was studied in natural creek water, «if.
and wilhout a sediment layer of soi 1. From creek water aiore
(aerobic system). SOS of the applied C dissipated In 9 days, w h i l e
from creek water above sediment (anaerobic system) 50% of fie
radioactivity dissipated in 2 da>s. Eic^t weeks after treatr.e'-t.
nost of the radioactivity disappeared from the water in both casss.
but the sediment still contained 32.0% of the initial radioactivit>.
tne majority of which (25.3%) was in a "bound" state. About 5C": of
the extrac table radioactivity in the sediment at 3 weeks was shown
to be undegraded Ordram.

In water without sediment, Ordram rapidly disappeared (not detected
; after 5 weeks). Many organo-soluble breakdown products were observed
| with the major products being identified as U-hydroxy Ordram (i»2.laa)
» and 3-hydroxy Ordram (20.7%). In water with sediment, Ordram losses
[ were more rapid than In the aerobic system. The major breakdown
| products were identified as ^-hydroxy Ordram (72.6°«), <*-keto Ordran

(1<».1%) and 3-hydroxy Ordram (13.3%). The majority of the extra:-
table radioactivity found in the sediment after 5 weeks (3.7%) was
identified as parent compound.

After 8 weeks, only a fe« polar metabolites remained in the flood
water held over sediment, with the major product (<*1%) identified as
S^carboxyirethyl hexahydro-1H-azepine-1<arbothioate (carboxy Ordram).
~" After 6 weeks in the non-sedimented system, many polar breakdown
products were detected of which hexamethyleneimine (29.9'«) anc
carboxy-Ordram (16.2%) were major. Caprolactam was only detected in
both systems the differences in polar metabolite concentrations «ere
attributed to different adsorptive properties of the sediments. The
following degradation pathway was proposed :

|vOlAHllZAtlON| ISOII ADSOtHlON]

*

* «•

Proposed degradation pathway of Ordram In water.

(V.H. Thomas et al., 1981)
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DISSIPATION Or QRDRAH IN Rig FIELDS

Several reports have been published on this subject :

In a studs conducted in Califomian rice fields commercially
treated with molinate it was shown that the principal route of
dissipation was volatilization, followed, by soil absorption pnoto-
lysis, metabolism and plant uptake. The average half-life in the
water was 3 davs.
The principal routes of molinate dissipation were estimated as
follows :

Routes of Molinate loss from an Ordram-Treated Field:

Estimated
Process loss, %

Soil adsorption and metabolism 10

Plant uptake and metabolism i

Aqueous microbial metabolism 1

Hydrolysis 1

Photolysis i-10

Volatilization to atmosphere 7b-8!>

(C.3. Sederquist et al., 1973)

• In an Investigation conducted by Stauffer Chemical Company in small
simulated rice paddies, the half-life of Ordram was 3.b -!>.!> days
and 97% of the applied material had disappeared 21 days after
application. The initial water concentration was 2.63 - 2.93 mg/1
decreasing to 0.006 - 0.08 mg/1 after 21 days.
(Cray et al., Stauffer Mt. View Research Center)
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0 In a studs conducted 1975 in Texas, persistence and half-life were
evaluated *ith respect to intermittent and continuous fio» irriga-
tion schemes at normal and excessive application rates of 3.*» ana
11.2 kg ai/ha of granular Ordram, respectively. Persistence at
statistical^ significant levels ranged from 96 to 35^ hours
following the application. Half-life values averaged 96 hours in the
intermittent flow plots and b<* hours in the continuous flo* plots.
Application rates had little effect on half-life. From laboratory
studies these authors suggested that biological degradation was the
principal mode of dissipation.
(I.E. Oevel et al.,1976).

0 In a field stud> carried out in France (Camargue) a field half-life
of 3 da>s was measured. From initial values of 1.8 - b.O mg/1 the
water concentration stabilized in the vicinity of 10 /jg/litre, a
level it reached 2b days after application. (Podlejski, 1975).

*. OCCURENCE Of MOLINATI IN TfC AQUATIC ENVIRONMENT

0 In a USSR studv, molinate concentrations of discharge water from
rice fields were monitored : Peak concentrations of 7-10 xig/1
occurred during June to drop to O.i - 1 /ug/litre during August
(Chubenko and Strekosov, 1976).

Investigations conducted 1976 and 1978 by the Californian Central
Valley Mater Quality Control Board in cooperation with the State
Department of Fish and Came monitored occurence of rice pesticides
in drainage systems from rice growing areas. Peak concentrations of
molinate were 0.30 - 1.8 mg/litre molinate which occurred 26 - **5
hours after application. Water Residues levelled to 0.2 - O.iS mg/1
123 - 1<»<t hours after application.
(Stauffer, Unpublished Draft Report, 1978).

In an investigation in France measuring concentrations of several
pesticides in effluent waters from rice fields molinate concentra-
tions ranged from maximum l.i mg/1 on day 2 after application to
0.14 mg/1 on day 13 after application of the herbicide.
(Podlejski, 1978)
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0 A 3-year study conoucted by a group of U.C. Davis, California, i"

experimental rice paddies monitored molinate concentrations in
spill-waters from a flow-through water managment system : water
residues ranged fro^ 1.5 mg/litre on day 0 to 0.1 mg/litre 3 fla>s
after application.
(Tanji et al. , 197i>

5.5. LEACHING BEHAVIOR Of HOLINATE

In laboratory column leaching experiments using 5 different soil
types. i.e. loamy sand, sandy loam, loam, clay and peat soils and
irrigation with 200 mm water, molinate was shown to leach to a depth
of 30-̂ 0 cm in the two light soils. In heavier soil leaching deotn
did not exceed 7.5 cm. (Cray and fceierich, 1965). In field studies.
no molinate was found in soil cores taken from 2,5 - 50 cm and 17.5
- 20.0 cm soil depth. (Denel et al., 1975). A soil adsorption/
desorption study conducted by Stauffer using loamy sand, sllty cla>
and loam soils resulted in identification of adsorption coeffic ients
from 0.72 to 3.03. Molinate soil adsorption is correlated witn
increasing cation exchange capacity (Thomas and Holt, 1975)

The results of the leaching and adsorption studies indicate that
molinate shows little or no tendency to leach in heavy soils and
soils with high cation exchange capacity. Limited leaching may be
expected in light, sandy soils with low cation exchange capacity.

5.6. »CT ABOLISH AND DEGRADATION IN PLANTS
14After application of both chain-labelled Ordram-C and ring-

labelled Ordram-C to the roots of rice plants at a rate of 6.7
kg/ha, radioactive carbon dioxide was rapidly evolved from the
plants. In six days after application, <».0% of the a p p l i e d
chain-labelled Ordram was evolved as radioactive carbon dioxide. In
thirteen days after application of the ring-labelled Ordram to the
roots, 11. Mi of the applied radioactivity was evolved as carbon
dioxide. Apparently the cyclic inline ring of Ordram was broken open,
degraded into small fragments and evolved as CG^.

The alkyl chain was also broken down and converted into CO..
The cell sap from the roots and shoots of the treated rice plants
was analyzed by one-dimensional and two-dimensional paper chromato-
graphy followed by scanning the chromatographs for radioactive
components and preparing autoradlographs of them. These analyses
showed the presence of seven radioactive ami no acids as metabolites
of chain-labelled Ordram-C in rice plants. These radioactive amino
acids were identified as asparagine, glycine, threonine, alanine,
tryptophane, phenylalanine and isoleucine. Several organic plant
acids including lactic acid, glycolic acid and three other unidenti-
fied organic acids were, also found as radioactive metabolites of
chain-labelled Ordram-C in rice plants.
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Cellulose and other water insoluble materials from the roots and
leaves of rice plants became highlv radioactive i-n Just three da>s
after" treatment with either the chain-labelled or the ring-labeiiec
Ordram-C **. The proteins in the cell sap also became labelled with
carbon-iu. Ring-labelled Ordram was also broken down in rice plants
and the radioactivity was found in several amino acids anc organic
acids. These findings .indicated that both the chain-labelled and
ring-labelled Ordram-C were rapidly metabolized in rice plaits.
degraded into small fragments, converted into radioactive carbon
dioxide, amino acids, organic plant acids related to the K'reos
cycle, proteins, and cellulose. Thus, most of the radioactivity of
the metabolites of Ordram-C * was accounted for in these various
natural plan constitutents.
(Gray, 1969)
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6. HTABOLISH OF ORDRAH IN flSH AND MAmALS

6.1 Metabolism in Japanese Carp

The fate of the
carrio* var.

herbicide, molinate. in Japanese,, carp, (C>prints
to koi, was investigated. [Ring- C] molinate was

applied to the water at 0.2 ppm. The overall ' C residues in tissues
of fish were lo« with an average bioaccumvilation value of 1.3^%
during 1- to-U-da>s exposure. Molinate disappeared rapidly from
water containing the carp. It accounted for only 3.8% of the
extracted radiocarbon present in the water 1<* days after treatment.
Molinate was readily converted into various organosoluble and
water-soluble degradation products shortly after addition to the
water. Molinate sulfoxide, ring-hydroxylated molinate, isomers of
keto molinate, keto hexamethyleneimine.hexamethyleneimine, and other
metabolites were detected both in the water and/or fish bile. Polar
metabolites, but no unchanged molinate, were found in the bile. In
vitro, carp liver microsomal mixed-function oxidase systems also
produced organosoluble metabolites identical to those found in* the
water containing living fish. The data suggest that major metabolic
pathways for molinate in carp involve sulfoxidation, oxidation to
both hydroxy and keto derivatives, and possible conjugation invol-
ving carbamoylation of endogenous SH-groups and 0-conjugati.on of
HMI.

X*t\o I oo f——NS ^
I MCSC.H. C.M.-K-* I

«CTO HCXAMCTHTUMCIMIM

Proposed metabolism of [ring- C]-molinate by carp
in vitro and in vivo.
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6.2 Metabolism in the Rat

6.2.1 Balance and Tissue Residue Study

Excretion of UC after administration of [ring- C] Ordram.
[2- C] azepine-1< arbothioate, to rats was rapid, w i t h

approximately 9.7% of a" oral dose (72 mq/kg) being excreted within
k? h after dosing. The major routes of excretion were via the urine
(*?*. urine - cane wash) and feces (11%). Less than 1% of the dose
was detected in the sodium hydroxide air traps. No significant
differences were observed between the rates and routes of excretion
from male and feeble rats. Similarly, no significant differences in
residual tissue C attributable to sex effects were observed. v\itn
the exception of blood, residues associated with most tissues
substantially decreased over the 7-day period after dosing, tthole-
bpd> residues decreased from an average of 13.8% of the administered

C at 1 day to 3.7% after 7 days. Seven-day blood residues were
dose dependent, decreasing markedly from MD.1 ppm Ordram equivalents
at a relativel) high dose of 60 mg/kg to less than 1 pom at a dose
of 5 mg/kg.
(De Baun, 197? A).

6.2.2 PATHWAY OF METABOLIC DEGRADATION

Ordram (S-eth>l hexahydroazepine-1<arbothioate) is readily degraded
by the rat to more polar products which are excreted primarily in
t£e urine. Unchanged Ordram accounts for only 0.1% of the urinary
C after an oral dose (72 mg/kg) of [ring- C] Ordram. The major

metabolic pathway involves sulfoxidation and conjugation with gluta-
thione, giving rise ultimately to a merjrapturic acid derivative
which accounts for 35.̂ % of the urinary C. Ring hydroxylation to
give the 3-and tt-hydroxy-Ordram derivatives (0.6% free, 26.1% as
0-glucuronides) represents another major metabolic route. Hydroxyla-
tion in the 2 position of the ring and subsequent ring c leavage
represent a minor pathway. Hexamethyleneimine (T».6%) and 3- and
^-hydroxyhexamethyleneimine (10.3%) are major metabolites presumably
formed by hydrolysis of sulfoxidized Ordram and its hydroxy
derivatives. Although there are small quantitative differences, the
metabolism of [ring- C] Ordram in female and male rats is
qualitatively the same.
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The following metabolic path»av has been proposed

Proposed metabolism of [rinq- C] Ordram in the rat. Percentage are
average values for female and male 0-̂ 8 h yrine after oral dosing
with 72 mg/kg. Expressed as percent urinary C.

(Oe Baun, 1978 B)
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7. TOXICOLOCICAL INVESTIGATIONS

7.1. Acute Toxicity

7.1.1 Ordram, technical

Ordram technical has been evaluated for acute tonicitv properties
in numerous studies with the following results :

Studv Results

Acute oral L.D.Q, male rat

Acute oral , female rat

Acute oral LD.Q male mouse

Acute dermal LD.Q, rabbit

Eve irritation, rabbit

Skin Irritation, rabbit

Acute Inhalation Toxicity :

fc-hour LC.g, male rat

LC.O, female rat

LC. 0 male mouse

794 - 926 mg/kg

- 1260

mg/kg

mg/kg

Slight to Moderate.
Reversible Irritant

Mild to Moderate Irritant

2.9 mg/1

2.* mg/1

2.1 mg/1

(Stauffer Chemical Company Toxicology Oept.: T-1«*02A. T-14028,
T-16*»6, T-1719, T-1870, T-VU01, IRDC / T-62^2, T-6^9SA)

7.1.2 Signs and Symptoms of Acute Oral Intoxication

Within several minutes following dosage of 1000 and 21M) mg/kg
Odram tech., rats appeared depressed and ataxic and exhibited
salivation, excessive masticatory movements and lacrimation. At
levels of 1000 mg/kg the animals appeared extremely weak and
depressed, exhibiting ataxia, intermittent tremors, bloody
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e»udate around tie eyes, signs of excessive urination, labor-c
respiration and hypothermia. These symptoms reached maxin-jr

at Zu '••ours after administration and persisted up u n t i l
72 hours.
congested and hemorrhagic lungs.

intensity
death or disappeared within
Cross a u t o p s i e s r e v e a l e d

7.1.3 Acute Tonicity of Ordram Formulations

Formulation Formulation •
Type

Ordram 5 E (960 g/1) EC
Ordram S E
Ordram 5 E
Ordram 5 E

Ordram 6 E (720 g/1) EC
Ordram 6 E
Ordram 6 E
Ordram 6 E
Ordram 6 E

Ordram 6 E

Ordram 6 C

Ordra* 10 C C

Ordram 7.5 C G

Study

Oral LD^Q, male rat
Oral LD,Q. fem- rat
Dermal LD,Q. rabbit
Dermal Irritation,

rabbit

Eye Irritation, rabbil

Oral LDtQ, »»le rat
Oral LDtQ, fem. rat
Oral LD,Q, male mouse
Dermal LD5Q, rabbit
Eye Irritation, rabbit

Dermal Irritation,
rabbit

Acute 1-hour inhalation
LC50 >

Acute oral LDtQ,rats >
Acute dermal LDtQ.

rabbit >
Eye Irritation,

rabbit

Oral LD,Q, male rat >
Oral LD,Q, fern, rat >
Dermal LDjQ, rabbit >

Results

794 mg/kg

926 mg/kg
3563 mg/kg

Moderate
Irritant

Moderate
Irritant

794 mg/kg
651 mrj/kg
1260 mg/kg
10000 mg/kg-»
Moderate
Irritant
Moderate
Irritant

2.1 mg/1

5000 mg/kg-»

5000mg/kg-«
Mild
Irritant

W*0mg/kg»*
«»640mg/kg**
2L££tOnm / k o * *
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• EC = Emulsifiable Concentrate; C = Granular

•• biggest Dose Tested

(Stauffer Toxicologv Reports T-U9b6. T-U«-1, T-6^-10, T-6b-
N-3S-B) .

'.2. Dermal Sensitization

The dermal sensitization potential of Ordram Technical was tested
using the Open Epicutaneous Test (OET). The test animals, Hartley
guinea pigs, were induced over a four week period and challenged
on da> 29 and day **3. Concentrations of Ordram Technical used for
the daily induction application ranged from 3 to 100%. Each
animal was challenged with 100, 30, and 10% Ordram Technical, as
well as vehicle. There were no apparent adverse effects of Ordram
Technical to the guinea pigs, as measured by weight gain, general
appearance of behavior.

Repeated application of Ordram Technical did not cause any
notable skin reaction during the induction phase. Challenge and
rechallenge with Ordram Technical did not produce positive skin
reactions in guinea pigs induced with this material. In contrast,
the positive control material, ONCB, produced sensitization at
both challenge and rechallenge.

In conclusion, Ordram Technical did not produce dermal sensitiza-
tion in the OET and has therefore none or very low sensitization
potential.
(T.R. Castles, Stauffer Chemical Co., T-12007, August 195!>).

7.3 Subacute/Subchronic Toxicity Evaluations

7.3.1 Ordran 6 E; 21-Day Subacute Dermal Toxicity in Rabbits

A total of 1b daily dermal doses of undiluted Ordram 6-E appeared
•ell tolerated by male and female albino rabbits at a level of
0.1 ml/kg/day. Moderately irritating to.both intact and abraded
skin, these signs rapidly subsided within a two week post-
treatment observation period.

A level of 1.0 ml/kg/day proved to be toxic to rabbits, resulting
in 90% mortality (18 of 20 animals) during the course of the
study. Typical of the response were severe skin Irritation with
secondary infection, anorexia, diarrhea and weight loss. Apparent
liver pathology and an abnormal blood picture accompanied several
animals.
(C. Meyding, Stauffer Chemical Co., Rep. 6^-3, 196*0
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7.3.2 Ordram ; Safety Evaluation by Dietary Administration to Dogs
for -13 weeks.

Croups of *» pureored Beagle dogs received daily diet contai^i^c
t>5C. 900 and 1500 ppm Technical Ordram corresponding to a^
approximate dail\ intake of 15,30 and 60 mg/kg body weight o^er a
period of 13

No measurable changes were observed in the dogs of the 15 and 30
mg kg/da> groups. In the group of dogs exposed to 60 mg/kg ca
Ordram the following observations were recorded :

-Slight increase in blood area nitrogen content in 1/u da>s.

-Slightly increased thyroid weights in 3/<» dogs.

ppm. corresponding to 15 mg/kg/day was considered as the NOEL
under conditions of this study.
(ttoodard Research Corporation, Nov. 196M.

7.3.3 Ordram - Safety Evaluation by Repeated Oral Administration
to Rats for 13 weeks.

Croups of 15 male and 15 female Charles River rats »ere
administered for 13 weeks diets containing Ordram levels adjusted
to daily intakes of 35.70 and 1<»0 mg/kg/day. In the 35 mg/kc; da\
groups slightly reduced food intake body weight gain was
recorded. No other changes when compared to controls were
observed at this dose level.

At doses of 70 and 1^0 mg/kg Ordram produced marked toxicit>,
expressed as :

- Marked body weight reduction and food intake

- Decrease in hemoglobin and hematocrit values at the high-
dose males.

- Increased relative liver, kidney, adrenal, thyroid, testes and
ovary weights at high.dose and sometimes at mid-dose level.

- Histopathological findings included at high-dose hepatic cell
glycogen depletion, hepatic cell size irregularity, kidney

nephron tubular degeneration in the high-dose males, concurrent
with testes degenerative seminiferous tubule cell changes and
aspermatogenesis.
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Under conditions of this stud>. a precise NOEL could not be defined.
(Woodard Research Corporation, October 196-5

7.3.^ Ordram - Safety Evaluation by 13-Week Feeding Study in the Rat

Croups of 15 male and 15 female Charles River Rats were
administered a diet containing Ordram at levels adjusted to
correspond to a d a i l v intake of 6,16 and 32 mg:'kg; da> .

-t the high and mid-dose levels the following observations were
made :

- Reduced bod> weight and food intake at high dose.

- Increases in relative adrenal, thyroid, testes weights in the
males and adrenal/thyroid weights in the females at high dose.

- Ovarian stromal cell vacuolation in mid-and high-dose females
and adrenal cortical cell vacuolation in mid-and high-dose

males.

No changes, when compared to controls were observed at 5 mg/kg
do> and this level was considered tne NOEL in this stud> .
(ttoodard Reserarcn Corporation. April 1967).
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7.*. Chronic Toxicity/Oncogenicity

7.*.1 Ordram - Repeated Oral Administration to
Mice for Lifetime

Crouos of 20 male and female CAM hybrid mice were administered
for 99 to 100 weeks a diet containing Ordram corresponding to a
daily intake of 3.6, 7.2 and 1U.6 mg/kg/day. Additional grouos
consisting of 36 male and 25/25/31 female CAF mice were exposed
in utero and through weaning via parental dietary administra-
tion and were continued for 76 to 78 weeks on respective dietary
levels of 3.6, 7.2 and U.^ mg/kg/day.

The conclusions of the study were as follows :

Ordram produced no neoplastic changes as revealed by the histolo-
gical examination of lung, liver, kidney, testis, ovary, and
uterus as well as all other tissues appearing abnormal at
necropsy. No compound-induced non-neoplastic changes in these
same tissues were observed by similar examination. Croups could
also not be distinguished on the basis of growth, behavior, body
weights, food consumption, organ weights and gross necropsy
evaluations. Survival in the high dose mice exposed in utero may
have been slightly reduced. The other groups were indistinguish-
able with respect to survival. Based on the data presented in
this study, the no-effect level of Ordram is 7.2 mg/kg/da>.
(fcoodard Research Corporation, June 1977).

7.U.2 Ordram - Safety Evaluation by Repeated Oral Administration
to Rats for 104 Weeks.

Croups of 60 male and 60 female Fisher Rats were administered for
2 years dietary concentrations of Ordram corresponding to daily
intakes of 8, 16 and 32 mg/kg for the first 18 weeks, followed by
dose adjustion to 0.63, 2.0 and 6.32 mg/kg for the remainder of
the study. Reduction of dosage was justified by appearence of
•eight less jeopardizing survival over the study period.

At termination of the study the following observations were
recorded in the high-dose (6.32 mg/kg/group) :

Slight initial and intermittent reduction in food consumption and
weight gain, increased absolute and relative testicular and
decreased relative kidney weights. No differences were found
concerning behavior, survival, clinical chemistry values and
urine analysis, hematology, gross necropsy and histopatholo-
gical evaluations. No changes attributable to compound admini-
stration were recorded at the mid-dose and low-dose level with
the exception of slightly increased testicular weights.
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No indications for compound-related induction of neoplastic
lesions or non-neoplastic lesions *ere observed during the histo-

j pathological evaluations of the tissues. It was concluded tr.at
I Ordram has no oncogenic activity and that the NOEL at 2-vear
j dietary administration to Fisher rats is 0.63 mg/kg/da>.

(*oodard Research Corporation, 3une 197.7).
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7.*. REPRODUCTIVE TOXICOLOGY

7.*.1 TERATOLOGY STUDY IN MICE

Croups of 20 pregnant mice were exposed to dietary administration of
technical Ordram corresponding to a dailv intake of 8 and 2«* mg/kg
from da> 6 of gestation to termination (groups II and III) and
during days 6-1b of gestation (groups IV and V). On day 18 of
gestation Cesarian Section was performed on 10 females/group, the
remainder being permitted to deliver naturally.

No signs of maternal toxicity was observed in respect of behavior,
body weights, food consumption and gross necropsy observations. No
changes were monitored in totai number of fetuses, fetal develop-
ment, resorption sites ahd fetal weights. Evaluation of cesarean-
derived fetuses and naturally delivered pups resulted in no indica-
tions of soft-tissue and sceletal malformations. It was concluded
that Ordram was nonfetotoxic and nonteratogenic under conditions of
this study with a NOEL of 2*» mg/kg/day when administered over
gestation,
(woodard Research Corporation, April 1967).

7.b.2 Teratology Study in Rabbits

This study was conducted to assess the effects of Ordram on the
pregnant rabbit and unborn conceptuses when administered to dams
from day 7 through day 19 of gestation. Ordram was administered by
oral gavage at levels of 0, 2, 20, or 200 mg/kg/day in 0.!> ml/kg in
corn oil. Data collected included clinical observations, body
weights and feed intakes. Necropsy findings included maternal organ
weights, counts of corpora lutea, implants resorptions, fetuses and
anomalies detected in fetuses on external, soft tissue, or skeletal
examinations.

Maternal toxicity occurred in the 200 mg/kg/day dose group as
indicated by significant body weight losses during gestational days
14-21 and increased absolute and relative liver weights. The
relatively large body weight losses in these dams were associated
with an increased occurrence of abortions and a resorbed litter.
Embryofetotoxicity at the 200 mg/kg/day dose level was also indic-
ated by a slight delay in sternebral ossification and a reduction in
extra ribs. Embryofetotoxicity observed in the 200 mg/kg/day dose
group was secondary to the maternal toxicity.
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Therefore, treatment of pregnant dams with 200 mg/kg/day of Ordrar
during gestation caused maternal and embryofetotoxicity. The no-
effect level for maternal and embryofetotoxici ty *as 20 mg;kg''cay
No teratogenic effects were observed at any dose level.
(S.L. *ilczynski, Stauffer Chemical Co., T-11566, 3une 1965)

7.̂ .3 3-Ceneration Reproduction Study in Rats

Croups of 2i male and 2b female Charles River CD rats were
administered dietary concentrations of Ordram over a 3-generation.
2-mating/generation study using doses corresponding to average dail»
intakes of 0.063, 0,2 and 0,63 mg/kg.

No changes were noted in all groups concerning food consumption,
organ weights, reproductive behavior, gross necropsy and histopa-
thological evaluations. The body weight of the high-dose males was
slightly reduced. In the high-dose group (0.63 mg/kg/day) there was
a slight reduction of litter numbers but not of litter sizes
concurrent with slight reduction of pup survival. No pup weight
reduction and no indications for pup abnormalities were observed.
The NO€L level of this study was 0.2 mg/kg/day.
(*oodard Research Corporation, 197>).

Male/Female Fertility Study in Rats

Croups of 9 male and female rats were administered a diet over 12
weeks containing Ordram levels corresponding to a daily intake of 3,
16 and 32 mg/kg. After 12 weeks each animal was mated to an
untreated control animal that was kept over the same period under
identical housing conditions. The results of this study indicated no
reproductive effects following mating of untreated males with
treated females. Mating of treated males with untreated females
resulted in reduced reproductive performance.
(Woodard Research Corporation, May

Fertility Study in Male Rats

Croups of 20 male rats received dietary dally doses of 0.2, 1.0 and
i.O mg/kg for nine days and *,0 mg/kg per gavage for H days. 10 and
14 days after initiation the males were mated with untreated
females; the i.O mg/kg group males at 2 and * weeks after end of
treatment period. Slightly reduced reproductive performance was
observed two weeks after cessation of Ordram at i>.0 mg/kg, with
recovery 4 weeks after treatment. No effects were observed at lower
doses. (Litton Bionetics Inc., Project No 2621, 1976)
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7.i.6 Fertility Studv in Rabbits

Thirtv-ses.cn male. Dutch Belted rabbits of proven fertility were
assigned to four dose groups. There were 10 males in the vehicle
control group and 9 males each in the 2, 20, and 200, mg/kg dose
groups. The test material was administered daily for 6 weeks in
gelatin capsules. Male fertility was determined by mating each male
with 2 untreated females during the sixth week of the dosing period
and again in the fifth week of the recovery period. Five control
males and four treated males from each of the treatment groups were
sacrificed at the completion of dosing. The remaining males were
sacrificed at the completion of the postrecovery fertility test. The
testes plus epididymides, pituitaries, thyroids plus parathyroids,
and adrenals were weighed, collected, and submitted for histopa-
tholog>.

No evidence of impaired fertility was found. There were no treat-
ment-related effects on mating behavior, number of pregnancies.- mean
number of pups/litter, mean weight/pup, length of gestation, or the
mean number of viable pups/litter.

Necropsy results from the interim and final sacrifices revealed no
treatment-related macroscopic lesions. There were no tre*tment-
related changes in the mean weights of the testes plus epididymides,
pituitary, thyroids plus parathyroids,, or adrenals. There were no
histological changes with an incidence or severity pattern related
to the administration of Ordram.

It was concluded that administration of Ordram at doses up to 200
mg/kg/da> over 6 weeks to male rabbits induces no negative effect
upon reproductive performance and fertility.
(3. Killinger, Stauffer Chemical Co., T-10176, Nov. 1980).

7.*.7 Fertility Study in Nonhuman Privates

The effect of Ordram on nonhuman primate sperm production and
reproductive hormone levels was Investigated. Adult male cynomolgus
•onkeysfMacaca fascicularis) were treated orally with 0, 0.2, 10.0,
or >0.0 mg/kg/day of Ordram five days a week for twelve weeks. Sperm
samples were collected and analyzed weekly. Blood samples were
collected and analyzed every four weeks.
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There were no treatment-related changes observed in sperm
motility, morpnolog>. volume, concentration, or total count. Also.
there were no treatment-related changes in serum luteinizing hor-
mone, follicle stimulating hormone, or testosterone. There »<js a
significant depression in plasma cholinesterase activity in the t>0.0
nig/kg dose group indicating that Ordram was well absorbed. Thus.
Ordram did not cause any measurable effects on nonhuman primate
sperm production or reproductive hormone levels.
U. k'illinger, Stauffer Chemical Co., T-107K, Dec. 1951).

7.*».8 Fertility Study in Male Mice

One hundred male, CD-1 mice of proven fertility were randomized into
five dose groups; vehicle control, 2, 20, 100, and 200 mg/kg/aay.
The males were dosed daily by oral gavage for 7 weeks. Fertility was
determined by mating each treated and control male with 2 untreated
females after 2, *», and 6 weeks of treatment and again after a four-
week recovery period. An interim sacrifice was performed on i
males/group at the completion of dosing and a final sacrifice was
performed on the remaining males after the end of the recovery
period. Testes plus epididymides were weighed. The thyroids, pituit-
aries. testes and epididymides were collected and subjected to
microscopic examination.

Treatment-related antifertility effects were observed. After 2 wee<s
of dosing, there were significant decreases in the number of
pregnancies and in the number of implants per pregnancy in the 100
mg/kg group. After b and 6 weeks of dosing, there were significant
decreases in the number of pregnancies and in the number of implants
per pregnancy in the 100 and 200 mg/kg groups. The study clearly
shows a no-effect level of 20 mg/kg for the observed antifertility
effects. No antifertility effects were observed in the fertility
test after the four-week recovery period, demonstrating complete
reversability. Ordram did not cause macroscopic changes in the
testes or other organs. Necropsy results from both the interim and
final male sacrifices showed no dose-related lesions. There were no
dose-related changes observed in the mean testes plus epididymides
weights from either the interim or the final sacrifice. There were
no histological changes indicative of a compound-related effect on
the testes, epididymides, thyroids or pituitaries in any treatment
group. While treatment-related antifertility activity was observed
at relatively high doses (100 and 200 mg/kg/day), no tissue changes
occurred as a result of Ordram treatment, determined by microscopic
examination.

(0. Killinger, Stauffer Chemical Co., T-10121, Dec. 1990).
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Fertility Study in Hale Rats-Mechanism and Site of Action

The site and mechanism of Ordram's antifertility effect in male
rats, particularly the stage of sperm development affected, was
investigated. The study was composed of <* parts which contained 3
experimental designs linked together by a common dose level.

In part I, male rats received either 0, 12, or 60 mg/kg of Ordram
for i da>s, after which they were mated with 1 female per week for
10 weeks. The results of this study phase identified late spermatid
development as the stage of spermatogenesis sensitive to Ordram
exposure. This is concluded from the substantial reduction in male
fertility during the third post-treatment week.

In part II, III, and IV, male rats were treated with either 0, 0.2,
fc, 12, or 30 mg/kg of Ordram for either b or 10 weeks, after which
they were mated with 2 females per week for either 1 or 2 weeks. At
terminal sacrifice, blood, sperm samples, and reproductive tissues
were taken for evaluation. A correlation was made between dose,
changes in plasma hormone levels (testosterone, FSH, LH, TSH, T, and
T ), sperm morphology, motility, and viability, and morphofoojc
changes in the testes and epididymides.

There were no measurable treatment-related changes in serum hormone
concentrations which correlated with the reduction in male ferti-
lity. The dose-response relationship observed for male fertility
could be correlated with changes in sperm viability, morphologv.
motility, and concentration. Histological examination of the testes
and epididymides revealed a slight increase in degenerating sperma-
tids. Generally, only a few tubules were involved and often only a
small portion of the tubule was affected.

In part I, the no-effect level was shown to be 12 mg/kg/day of
Ordram for i days. In part III and IV, a clear dose-response
relationship could be shown at k, 12, and 30 mg/kg/day, whereas
treatment with Ordram at 0.2 mg/kg/day did not result in a
•easurable lexicological response. Therefore, 0.2 mg/kg/dav of
Ordram for * weeks is the no-effect dose in this study. ( 3. L. Minor,
Staffer Chemical Co., T-10<*21, May 1981)
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7.6. Special Toxicoloqical Investigations

7.6.1 Study on Coagulation Parameters. Hetnatology and Blood
Chemistry in Male and female Rats Exposed to Ordram

The purpose of this studv was the determine dose and time/resoonse
relationships in coagulation parameters in groups male and female
rats administered daily doses of *, 20, 80 and 160 mg/kg for 12
davs. Blood parameters were evaluated after ** (*), 11 (12) and 20
(21) davs of study.

A mild and reversible coagulopathy was produced in male and female
rats at a dose level of 160 mg/kg as evidenced by slight increases

I in APTT and by slight decreases in Factor X at day b. These values
had returned to normal by day 12 in the females and day 21 in the
males. There were no mortalities and no abnormalities noted in the
hematological and blood biochemical data.

The only adverse gross observations noted were (1) a mild to severe
hind-limb weakness which was dose related and reversible in spite of
continued treatment and (2) a mild to severe inhibition of boc>
weight gain in both male and female rats. The latter was also dose
related and varied from 6% at 20 mg/kg/day to about <tO% at the 160
mg dose level. At autopsy slight to moderate hemorrhage was noted in
W* male rats at day <* and in only 1/* male rats at day 12. At
termination at day 21 all male rats appeared normal at autopsy.

In summary, Or dram can produce a mild coagulopathy at very high
doses, 160 mg/kg/day which reversed despite continued dosing. The no
effect level in the experiment was 80 mg/kg/day for both male ana
female rats.
(Stauffer Chemical Co., RRC, T-6216, Dune 1977).

7.4.2 Toxlcity to Cattle Sheep and Chicken

In a study conducted by the U.S. Department of Agriculture 3 cattle
(age 9 to 16 months) were administered 10 daily 'doses of 100, 100
and 2*0 mg/kg. 10 sheep received 10 daily doses of 2!>, 2*, *0, *0,
100, 100, 17*, 2*0, 37* and *00 mg/kg. Croups of * chicken were
dosed with 100, 2*0 and *00 mg/kg for 10 days.

Signs of poisoning in cattle and sheep were salivation, anorexia,
diarrhea, and ataxla. One sheep had tympanites and another had
lethargy and muscular spasms.
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At necrops>, the mucosa of the abomasum and intestines »as
rhagic and l>mph nodes were congested. The liver was swollen
often light brown. The spleen *as distended and the kidne>s were
engorged with blood. The respiratory mucosa was often reddened ana
the th\roid was congested. Chickens had swollen, congested kiane>s.
light-brown liver, distended gall bladder, and reddenea intestinal
mucosa.

The NOCL in this stud> for cattle, chicken and sheep was 100. 100
and 100 mg/kg, respectively.
U.S. Palmer, 1972).

7.7. Kjtagenicity Evaluations

7.7.1 Ames Test

Ordram was evaluated for its potential to induce reverse mutations
in the Salmonella typhimurium strains TA-1i3!>, 1^37, 1b3S and T*-100
in presence and absence of a rat liver S 9 metabolic activation
system. No indication for mutagenic potential was observed in either
strain both in presence and absence of metabolic activation,
(aoodard Research Corporation, May 197i)

7.7.2 Ames Test/ Saccharomyces Cerevisiae D » test

Ordram Technical was tested for mutagenic activity in S. th>phinu-
rium strains TA-1b3i>, TA-1>37, TA-1i35, TA-95, TA-100 and in
Saccharomyces Cerevisiae D * both in presence and absence of a rat
liver S 9 metabolic activation system.

No genetic activity was observed for any of the microbial indicator
strains in direct or activation plate tests.
(Litton Bionetics Inc, Project No 2̂ 7, July 197!>)

7.7.3 Mutaqenlcity Battery - Institute of environmental
Toxicity / Japan

The genotoxic potential of molinate was investigated in the fol-
lowing test systems :

• Rec Assay using Bacillus subtilis strains H 17 and M k1)



3 10 00364

- Ames test using S. t>pMmurium TA-1^3i. TA-1b37. TA-1t>35, TA-9t
TA-100 in presence anc; absence of metabolic activation.

- Escherichia coli *P 2 her In presence and absence of meta&olic
activation.

- Host-Mediated Assa> in male mice using 2 doses of 30 and 100
mg/kg and S. t\pHjmurium C **6 as indicator strains.

No indication of mutagenic / genotoxic potential was observed in
of these test, while the respective positive control substances
induced reproducible responses of the test systems. It was conduced
that molinate has no or very low mutagenic potential.
(>. Shirasu et al. Institute of Environmental Toxicology,
Sept. 1977).

7.7.4 Mouse Lymphoma L b178 TK +/- Forward Mutation Assay

Ordram Technical was incubated with Mouse Lymphoma L !>179 cells
directly in a dose range of 0.012b - 0.28/ul/ml and in presence of a
rat liver S 9 metabolic activation system.

No mutagenic activity was observed in absence of metabolic activa-
tion. In presence of the S 9 system, mutant incidence was marginal-
ly increased (2x-bx) toxic at dose levels resulting at < 10% cell
survival. However, following current interpretation of the Mouse
Lymphoma Test System, only mutant Incidence of more than 3x is
considered as a mutagenic response if occurring at toxic doses
inducing less than 10% cell survival (Clive et al, 1979). It ma>
therefore be concluded that Ordram has low or marginal mutagenic
activity in presence of S 9 under conditions of this assay.
(J.B. Majeska, Stauffer Chemical Company, T-119<fO, Sept. 19SM.
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7.7.* Combined In-Vitro Cytogenetic and SCE Assay in Mouse Lyaphonva
L >178 Y cells

Ordram Technical *as evaluated for its ability to induce chromo-
somal aberrations or an increase in sister chromatid exchanges in
Ll>1~5> mouse l>mphoma cells.

In the direct assav , Ordram Technical was tested in the dose
range of 0.012!) to 0.2000 ul/ml. with the inclusion of an ex-
ogenous metaDolic activation system from Aroclor 12*^ induced rat
livers, Ordram Technical was more toxic, and the dose range was
decreased to 0.002!) to 0.0400 ul/ml.

No increase in aberrations or SCE was seen in the direct assa>.

In the presence of an activation system, there was a slight
increase in .aberrations in one out of 4 tests. This response does
not meet the criteria for a positive response, and there was no
increase in aberrations in the other trials.

In 'the SCE portion of the assay, no reproducible increase was
seen in the presence of an activation system. In Trial 1, the
apparent increase at the low dose was influenced by the large
variation in solvent control values. A minor increase in SCE at
0.02 and 0.04 ul/ml in Trial Z was not reproduced in either Trial
1 or Trial 3.

It ma> therefore be concluded that Ordram Technical is neither
clastogenic nor an inducer of SCE in L*179Y mouse lymphoma cells
when tested directly or in the presence of an Aroclor 121><*
induced rat liver activation system.
CJ.B. Majeska, Stauffer Chemical Co. T-118i6, Dec. 1963)

7.7.6 Bone Marrow Hicronucleus Test in Mice

Ordram was evaluated for its ability to induce micronuclei when
administered by oral gavage to mice.

The results of an initial rangefinding study indicated no
survival at doses of equal to or greater than 800 mg/kg
administered in a single dose. Two consecutive doses of 400 mg/kg
administered approximately 24 hours apart did not appear to
affect the animals. With a single dosing of 600 mg/kg, there was
a reduction in surviving animals; the female animals were
apparently more sensitive to Ordram than the male animals. A
reduction in PCE frequency (PCE/1000 erythrocytes) was seen at
400 mg/kg (2 dosings) and 600 mg/ml (1 dosing) in both sexes.
From these results, a single administration of 200, 400, and 600
mg/kg was chosen for the males and a single administration of
100, 200, and 400 mg/kg was chosen for the females in the
micronucleus assay.
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No significant increase in the numbers of micronudei relative
to the concurrent solvent controls »as seen in the male animals
(200, <*00. and 600 mg/kg) or female animals (100, 200, and 4*00
mg/Kg) at sacrifice times of 2<*, <*5'. or 12 hours after dosing.

It »as therefore concluded that Ordram Technical was non-clasto-
genic under conditions of this test.
U.B. Majeska. Stauffer Chemical Co., T-11820, Nov.1953)

8. ECOTOXICOLOCKAL STUDIES

8.1. Toxicity to Avian Wildlife

8.1.1 Subacute Toxicity In Mallard Ducks

Croups of 10 Mallard ducklings were administered for i days a
diet containing Q.1, 0.18, 0.32, 0.!>6, 1.0, 1.8 and 3.2% Ordram
and then returned to untreated diet for 3 days. The i-day dietary
LC i>0 in this study was 13000 ppm (=. 1.3%). The no-effect level
in this study was 1000 ppm (0.1%) Ordram.
(woodard Research Corporation, August

8.1.2 2-Months Subacute Feeding of Ordraa in Coturnix Quail

Technical Ordram was fed in the diet to groups of 10 Cotumin
quails at levels of 10, 100 and 1000 ppm for nine weeks.
Behavior, body weight, fertility, egg hatchability , relative and
absolute organ weights at the 10 ppm group was comoaraole to
controls. Higher dietary levels induced reduced hatchability.
feed intake and body weights. 10 ppm was the NOCL in this stud) .



3 10 00367- 32

g.2 Review of the Acute and SuPacme To»iri»y and BioaccuruNation
of ORDRAM in Fish and *nuatic Invertebrates

_Su—ary

Acute LCjj values obtained free, static aquatic toxicity tests of up to 95

hr deration indicated that Crdrar, is slightly toxic to several species of warn
X V

water fish (13-43 pp-sj.and mccerately toxic to rainbow trout (0.2-7.0 ppm). The
, \ •* "•• „' . •

<Shr LCjo values fcr Ordram in several species of warm-and cold-water "inverte-

brates varied from 0.2 to 385 ppn. Common carp were exposed to.Ordram, Machete

or Saturn (Bolero) for 21 days at a range of exposure concentrations. Ordram at

2 ppm produced no effects in carp and was less toxic than either Saturn or Machete.
.* * - « %

Channel catfish exposed to Ordram 6E formulation for 11 days showed no effects a;
X

levels as high as 3 ppm (a.i.). In carp, Ordram is rapidly metabolized to polar

metabolites. Eioaccumulation studies with catfish and bluegill indicated that

Crdra.Ti is concentrated to only a small extent and that these low tissue residues

rapidly declined when the exposure was withdrawn. These data are consistent with

the conclusion that Ordram presents minimal hazard to the aquatic environment.

Acute Tori city of Ordram to Freshwater Fish
**' *

The acute toxicity of Ordram to several species of freshwater fish was deter-

mined using the.static test procedure. Briefly, Ordram neat, or diluted in organic
""'̂  ' ' * *solvent, was nixed into aerated water and the fish were placed in the test media

(water plus test chemical). No additional test material was added nor was the

test media aerated during the 4 day (96 hr) test. The acute LCso values were
» * •• '..'." >

calculated from the mortality data after 24, 48 and 96 hrs using one of several
• /

different statistical methods. To facilitate comparison, tCjo values were recal-

culated by this reviewer using a standard method (21). However, In many studies,

the mortality observed after 24 or 48 hrs was insufficient to permit calculation

of LC5Q values.
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The data for the acute aquat ic tox ic i t y of Ordram to several species of

f reshwater f ish are su.Tnarired in Table 1. The 96 hr LCso values for wam-w^ts"

f ish include; car?, go ld f ish , bluegill sunfish, mosquito fi:' , fathead mi mow,

and ca t f i sh ranged frcn 5 to <3 pprr.. Where more than one test was performed on

a particular s p s c ^ e s , the results were usually consistent and LCso values var ied

only by a factor of 2 or 3. In acute studies conducted by Brown et al ( 6 ) ,

ca t f i sh were treated with Ordrarr. in tap water and In two samples of water free

rice paddies. The 96 hr LCso values for Ordram in tap water and in two samples

of paddy water were quite similar (33 and 29 ppm, respectively, see Table 1).

Kov.»ver, a much lov*r LCso (5 ppm) vas obtained for Ordram in a third sample

of paddy water. Since only 75% of the controls survived in the latter study

the authors suggest that an unknown toxicant was probably present in the paddy

water.

For rainbow trout, a cold-water species, the 96 hr LCsg values var ied from

0.2 to 7 pprr. and were lower than the LCso values obtained for any of the warm-
i

water species. The 0.2 ppm value obtained by a USD I Laboratory (8) was several

fold lov«r thar values obtained in the other two tests in this species (1.3 ppm

and 7 ppm). Since the description cf the test system used in the USDI study was >-

incomplete, no comparison of test methods can be made to resolve the apparent

inconsistency.

In acute tests with fish, signs of toxicity were similar for all the species

tested. After 1 or 2 days of exposure to Ordram at the very high toxic doses,

the skin coloration became darker and the fish tended to inhabit the upper layers

of water and surface often. The fish exhibited hyperactivity, erratic swimming

behavior and had labored respiration (exaggerated gill movements). Progressively,

the fish lost their ability to swim upright and sank to the bottom and died. Most

deaths occurred between day 2 and 3.
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Acute Toxicity to F-ssnwater Invertebrates

The ava i lab le infcrr.ation or. acute toxicity of Ordra~ to several species of

freshwater invertebrates is sur.r.arizei in Table 2. Most of the data are derived

from the sc'.sntif ic l i terature. Studies were performed under static condit ions
* •»

using an exposure syster. sir.ilar to that described for acute fish tests. 'XUnfor-
X« *'x '

tunately, many important details of the test conditions were not provided in the
.literature reports and for many tests, 96 hr LCjg values were not-reported.

/•-'• «.'"•» N •*/''
For aqjstic invertebrates, the 48 hr LCso values ranged widely from 0.6 to

' " •• X v/

325 pprt. As shown in Table 2, many apparent inconsistencies in LCso values are/ • .» v*"*x •• ;> N .-
evident within a particular species. For example, the' reported 48 hr LCsg values

/, *N -X '
varied several fold for water flea (32 fold), grass shrirrp (20 fold), and one

/ 'x* -;. •. •'
species of crayfish (4 fold). Also, marked differences in 48 hr LCso values are

•> \
evid»nt betv*en genus and species of Scud (a.freshwater crustacean) and crayfish.

'•' '
As with the acute fish studies, the description of the test system was often incsr.-

• "* • *
/ ** * .'

plete, which precluded determination of the reason for the unexpected variability
N. '•-! •

observed in these studies. Kcxver, it is clear from the information avai lable
/

that the toxicity of Ordram to aquatic invertebrates is not remarkable.
/ / .v '*XN/

Similar toxic signs 'v*re described for the 8 species of aquatic invertebrates
/ -<'.'X •-'.'

(excluding clan). ,In general, test organisms exhibited hyperactivity and/or hyper-
.-' " .'̂ X "'sexcitability iwrodiately after addition of the test material which persisted for a

••' v; .*«
few to several hours. Thereafter, markedly reduced activity was noted throughout

the test period. As observed 1n the fish tests, death was usually delayed 1 to 3

days after exporsure.
**

JSubchronic Toxicity cf Ordram to Freshwater F1sh

"Common carp (232 mm. 210 g) were exposed for 21 days in a static test to a

range of concentrations (nominal) of Ordram Tech. (0.01, 0.05, 0.1, 0.5, 2.0, 5.0,



3 10 O G 3 7 0

10.0 and 15 pprr) , 4^5 Ordra-n fonr.ilation Kamet SM (0 .75, 1.5, 3.0, 7.5, 15 .C , 3C.C

and 60 pprr), Syran Tech. (0.05, 0.5 and 2 ppm), Saturn Tech. (0.5, 2.0, 5.0, 10.0,

and 15.0 pprr), Saturn S (15, 30, and 60 ppm), Saturn SX (15, 30 and 60 ppn) and

Kachete ( O . C 5 , 0.5 and 2.0 pp~). Carp (thirty per dose group) vere maintained in

5bc liter tanks with sufficient aeration to maintain adequate Oj levels (>5.5 mg/1).

Biological loading was 30 g/1 ar.d carp were fed once per day during the test. On

days 0, 3, 7, 10, 14 and 21, heratocrit (HCT), hemoglobin (HG), erythrocytes (RBC)

and white blood cells (V.'BC) were measured in carp and ammonia was measured in the *

water.

Ordra.7i Tech. at concentrations of ^< 2 ppm produced no mortality or toxic signs.

Carp exposed to 5 ppm of Ordran or more exhibited a dose-related incidence of

toxic signs and mortality. At 5 ppm of Ordram Tech., carp exhibited no mortality

tut v.«re observed to be dark in color and lethargic throughout the test. Carp

expcsed to 10 or 15 ppm of Ordram Tech. exhibited hyperactivity and after several

days were observed to have areas of apparent hemorrhage on their ventral surface.

At the highest exposure levels (10 and 15 ppm), mortality was observed beginning

on day 4 and all carp died by day 11. Except for an increase in W8C count at the

highest dose, no significant changes in ammonia production, RBC count, HCT or HG

• v«re noted. Ordram granular formulation (Mamet SM), at the highest concentration

« tested (60 ppn of product, 4.8 ppm a.i.)» produced decreased HCT and RBC values but

no mortality or toxic effects were noted at any of the lovar concentrations tested.

1 Exposure to Byran Tech. at 2, 0.5 and 0.05 ppm for 21 days produced no signifi-

cant adverse effects on behavior or survival of carp.

Carp exposed to Saturn Tech. at _< 2 ppm did not exhibit any mortality or toxic

signs. However, carp exposed to 10 and 15 ppm of Saturn Tech became dark almost

immediately upon initiation of exposure and all carp in both of these treatments

died within 24 hours. Carp exposed to the Saturn granular formulations, Saturn S
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and Saturn S't, at c:r.ccntranc".s 2. ^ P?~ °^ product (1.05 ppm and 1.5 ppm a.i . ,

respectively), experienced s ign i f i cant mortality and dose-related toxic s igns.

The toxic sig^s incl.iei darkening of the body, exopthalrros, lethargy, hemorrnagic

patches, and decressec R3C and/or WEC counts.

Machete Tech. at _> 0.5 ppr produced a dose-related incidence of mortality
's

and toxic signs (darkening of th» Skin, lethargy and apparent ibss^of equilibrium).
, N 'x"^>/

At 0.5 ppn, mortality was obse-ved beginning on day 11 of exposure and all carp
/ / ^ *V-. /

had died by day 14. At 2 ppm, carp became dark In color and lethargic shortly
* »

after exposure, a loss of equilibrium was evident by day 1, and all carp died by
' . %, %

day 4. The carp that died after exposure to tochete had evidence of massive

internal hemorrhage at necropsy. ' • •
% « •

• \ *

Bioacct.-r-.-1 at ion Studies
•' • v

Bluegill sunfish were continuously exposed in a dynamic test system to a
»-

nominal concentration of 1.0 or O.C1 mg/1 l*C-Ordram for 35 days, after which the

regaining fish were transferred to flowing uncontaminated water for 14 days (15).

Radicoetric analyses of water and fish tissues were performed in intervals during

both exposure and withdrawal. Keari measured concentration of 14C-residues in water
.;".. ' •• "*••«

during the 35-day exposure period was 1.04 ppm for the high level and 0.012 ppm for
:» v' ' *. /

the low level. Ho mortality was observed in either dose group. Throughout the
• '•' • . ••

test, fish in both treatment levels fed readily and behaved normally. Equilibrium
.' v • .' .. /

concentrations of accumulated He-residue in the edible portion were obtained in both
/ •> • ' • • . '

treatment'groups during the 35 day exposure period and were approximately 12 times (x)

and 16.4X the concentration of Ordram in water, respectively. Fish exposed to 1.04
• ^ •» '. *

* V

ppm 14C-Ordran for 35 days had 4.5X more 14C-residue In the non-edible portion than

'- the edible portion. The corresponding value for fish exposed to 0.012 ppm 14r._

-rdram was 10.2X. Those fish placed in uncontaminated flowing water eliminated 57;

and 541 of those 14C-residues present after 35 day exposure for the high and low

level, respectively, within 24 hours.
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Juvenile chanr*! cat f ish (IctaT' j- js punctate) *ere continuously exposed in a

dynamic test syste- to nominal concentrat ions of Ordran 6E equivalent to 0.12, 0.60

and 3.0 ppn of pure Ordrarr. for 11 days, after which the remaining fish were trans-

ferred to flowing, unconta'inated water for 7 days (16). Gas-liquid chromatojraphic

analyses of water and fish tissues were performed at intervals during both exposure

and withdrawal. Kean concentrations of Ordram measured in the water during the 11-

day exposure period were 0.13, 0.62 and 3.17 ppm for the low, interrediate and high

levels, respectively. No mortality was observed at any concentration. Based on

maxi^un Ordra- concentrations detected in the carcass after 11 days of exposure,

concentration factors for the C.13, 0.62 and 3.17 ppm concentrations were 9.3X,

6.5X and 10.8X, respectively. Those fish placed in clean flowing water metabolized
»

and/or eliminated more than 9Ci of the Ordram residue present in the carcass within

24 hours. Throughout the study period, the fish appeared normal, fed readily and

appeared to be in excellent physical condition.

Field Studies

A cooperative study was conducted by the California Central Valley Regional

Water Quality Control Board (24) and the California Department of Fish and Game

(25) to assess the .toxic effects of commonly used rice pesticides under actual

field conditions.'.Juvenile channel catfish (Ictalurus punctatus) were housed in
* • *

wire mesh cages placed In drainage water from rice fields. Ordram residues were

measured in water samples taken from fields and drains. Mortality, packed cell
: volume, total plasma protein and brain acetylcholinesterase were measured in the

| fish. The fields were treated with Ordram 10G at recommended application rates
t
! (4-5 Ibs a.i. per acre). In addition, methyl parathion and MCPA were also applied

to sore of the fields during the study. In fields where flood water was held for

6-7 days after application, as is the recommended practice. Ordram residues had

j declined to approximately 0.2 ppm when the water was released into drains. Where
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the i r r i g a t i o n Wats'- was not. h e l d , Ordran concen t r a t ions in d r a i n water r eached

0.5 ppm immedia te ly a f t e r a p p l i c a t i o n (24) . Ordran residues in f ish placed in

drains v^ere wate r was not held were approximately three fold higher (2.1-4.9

p?-) than those in f i sh frcrn water that was held before release (0.6-1.4 ppr.).

A s i gn i f i can t drop in blood plasr.a proteins occurred in the f i sh from the forcer
/N

treatment, but not from the latter. Ho mortality was seen in any of^the f i s h
/ - \ '*> V

tested, nor were any effects on acetylcholinesterase or packed cell volume noted.
** x v, * *

Metafcolisn of Ordrar in Car; -w/N •» '
•̂BMBi»»B«̂ ««*̂ «̂̂ ""**»̂ ^™»«"™ -̂""«̂ *̂ **̂ "̂ «̂ ™ *̂ * * s . \

* '*

The metabolic fate of Orcrarn was investigated in Japanese -Carp (Cyprinus
* .

earoio) variety Yamato Kai (17). [Ring-14C] Ordram was applied to water at 0.2
• -. • / v

pp:n in a static system. The overall ^C residue in tissues of fish were low.

A naxirvjm concentration factor in the edible portion (muscle tissue) of 1.15
•s '' , -• .-

was a t ta ined dur ing the 14 day study. Ordram disappeared rapidly from the water
• **

con ta in ing the carp. It accounted for only 3.8% of the extracted radiocarbon

present in the water 14 days after treatment. Ordram was converted into various
: . " '»-._- '

organo-soluble and water-soluble "degradation products shortly after addition to
*• * ••

the water. Polar relabel ites, but no unchanged Ordram, were found 1n the bile.
. »:••• '• - x.

These data show that major ratabolic pathways for Ordram in carp involve su l fox i -
* •.' •.'»,

dation and oxidation to both hydroxy and keto derivatives. A later study showedf * s ' *f \ ». **"
that Ordram mtrcapturate was a major metabolite recovered from the bile of Ordram

treated carp (18). s

Discussion '

In acute toxic>ty tests under static conditions, Ordram had rather low

toxicity to seven (7) species of warm-water fish and moderate toxicity to ra inbow

trout, a cold-water species. Where more than one test was performed on a species,

the results were usual ly consistent. In similar acute static tests with six (6)

species of aquatic invertebrates, LCso values were variable, ranging from 0.2-385 ppn.
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Considerable intrs-end inter-species var iabi l i ty was evident in the tox ic i ty
_

of Ordram to aqjjtic invertebrates. After exposure to toxic doses of Ordrar,

both fish ar- invertebrates exhibited hyperexcitibility and/or hyperactivity

followed by reduced activity. Death was usually delayed 1-3 days after exposure.

Subchronic exposure of ccrrnon carp to Ordram technic-al or granular forn-jla-

ticr.s under static conditions produced no dose-related mortality or incidence of
- •• -

toxic signs at concentrations of £ 2 ppm (a.i.). Effects on blood parameters
> »'

(elevated white blood cell cour.t and/or decreased hematocrit and red blood cell f

counts) and red discolored areas on the skin (suggestive of hemorrhage) were

observed at Ordram concentrations of _> 5 ppm (a.i.)- Under the same test condi-

tions, the competitive products Saturn (technical and granular formulations) and

f'achete technical were much more toxic to carp than Ordram ?s evidenced by higher

mortality, and the faster onset and greater severity of toxic signs. Exposure

of channel catfish to concentrations of Ordram-6E formulation as high as 3 ppm

(a.i.) for 11 days resulted in no adverse effects during the exposure period or

the following 7 day observation period.

In a 35 day dynamic test with bluegill, equilibrium biconcentration (SC)

values of 10 to 16 were obtained after 35 days of exposure. More than 4.5 times

as much Ordram was detected in the nonedible portion (viscera) as in the edible

portion (muscle). In an 11 day dynamic study with catfish, the BC values measured

(6.5-10.8) wtrt only slightly lower than those obtained in the longer term study.

In both studies, most of the Ordram residue In the fish (54-905) was eliminated

within 24 hours after the fish were placed in flowing uncontaminated water. In

carp, Ordrem is rapidly and extensively metabolized to more polar products and

rapidly excreted (17, 18).

Recent reports in the scientific literature support the conclusion that

Ordram 1s eliminated rapidly from tissues of fish once exposure is withdrawn. In
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* co-paring the overall bioaccumulaticn potential of several major categories cf

: pollutants. Barrows et al (22) showed that when bioconcentration factors v«re lew

I (£ 1003) the ecuil ibriu.-n tine and the biological half-l ives were short (± 1 clays).

; Barrows et al indicate that these compounds would not be concentrated or retained to

I any great degree by aquatic organisms. Macek et al (23) studied the bioaccumulaticn
» ' *

! of over 50 pesticides and concluded that, in general, the rate of bioaccurulation cf
i • ' * '• those materials into bluegill tissues is inversely correlated with water solubility.

' Thus, tissue residues for pesticides such as Ordram with relatively high solubility
i •* • 'x s

| (800 pprr. at 20°C), would be expected to be small and short-lived, provided the source

of contamination is not continuous or the duration of exposure prolonged.

Environmental monitoring and field toxicity studies conducted by the State
»*- • •.

of California support the results of Stauffer sponsored fish subchronic toxicity
f

tests. The environmental monitoring studies indicate that when Ordram is usei
* %

as recommended, the Ordram residua* in drain water are very low (24). The f i e l d

toxicity studies showed that the small Ordram residues in fish did not produce
,»x ;. > ' .

mortality under actual exposure conditions (25). Bioaccumulation and metabolism
« . . • » • •«.

Studies reported herein clearly show that under both static (19) and dynamic
«*• "^ ~"*\ N

conditions (15. 16),'Ordram is concentrated to only a small extent in tissues
x'-. '•"•":•'. •••*

of fish. Furthermore, these low tissue residues are eliminated rapidly when the
/•*• "* ,• '*

exposure Is withdYawn (17, 18. 22. 23).
•••: . / x

The available aquatic toxicology information is consistent with the con-
.••-. • v- »••'•

elusion that Ordram presents a minimal hazard to the aquatic environment.

-, Ph.D.
^Environmental Toxicologist
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Test Organism
(Genus Species)' \

• • ' i

Water flea
Daphnia Magna '•

^

Seed Shrimp
Cypridnpsis Vidna

Scud
Cammarus fasciatus

Gamma r us lacustrls

Grass Shrimp
Pal aemonetes

Kadiakensu

Crayfish
Ocohectes Nails

Procambarus clarkii

Procambarus simulans

Madrid Clam
Rungia cyneata

ACUTE TOXICf*? OF ORORAH ,0 A, ^C INVCRUORATtS '

IC50,(TL*0), «ppm
951 Confidence Limits

24 hr

»

r %

• •• '•'• -» ••.• • '
^'' •'

0.6
(0.3-0.9)

9.8
(6.9-1.5)

22

34.7

750

48 hr

0.6
19.4

VB

/NO. 18

'> /'
_• *

^0.39 ;:
*•

0.4
(0.2-0.6)

7.6
(6.1-9.5)

1.0

20

5.6

14.0

56
(42-80)

33.2

385

96 hr

0.3
(0.1-0.7)

• 4.5'' .
(3.5-5.8)

i

s

15.9

21.8

197

Purity of
Ordram

Tech.
Tech

Tech.

Tech.

Tnch.

' Tech

Tech ;•>•;' '/
'* BE/

Tech

8E

8E

Test Organism
Size

Elb
El

El

El

2 mo. old

El

/ 25-31 mm
S •

n / , .». • * • * * * ."'••''' / / v

25-35 nin''/
f ' *

• » *

^' /
**.''.•

60-70 (tin

Temp.
(°C)

21
17

21

15.5

15.5

22

21

15.5

y ,
. ' N

/S^./ /
«•'/'/', //

'* '' .'v *
^

\*'

PH

7.4
7.6

7.4

7.4

7.4

7.1

7.4

7.4

8.4

"N
/

Reference

10
20

10

10

10

11

10

8

10

12

13

8

8

CNJ

CD

CD
O
C - !

a The criterion employed for death was failure to move when apm»ndages and/or antennca vcre stimulated.
The LC50 ues wre calculated by the method of Li tchf ield f Wi lcox in (1910).
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The attached data is offered as evidence that the Cold Creek
swamp does recharge the groundwater at the Stauffer LeMoyne/Cold
Creek Complex and that the groundwater flow is generally to the
south. The attached figures are described as follows:

Pigure 1 - Shows Cl~ Concentration Trends in Wells #2, #5,
16, & #7 during 1972.

Figure 2 - Shows Cl~ concentration Trends in Wells #5 6 #6
from 1974 until 1978.

Figure 3 - Static Water level elevations with contours for
Four Quarters of 1984.

Figure 4 - Hypothetical Representation of Area Groundwater
flow after three barrier wells are installed on
Stauffer south property line. Contours by Ground
Water Associates Inc. in 1978. Covers from
Virginia Chemicals to Shell Chemical. Does not
include M&T Chemical. Stauffer wells 12, #5, #6,
17 and #10 locations marked.

Figure 5 - Ground Water Associates Water Table Surface Map
(1978) showing predicted results of installing
three intercept wells on Stauffer south property
line. Location of Stauffer wells 12, 15, and *6
are marked.

From Figure 1, it can be determined that Wells 15 and #6 both
show strong increasing trends in chloride concentration.
Referring to Figure 5, we see that these two wells are located
south of the Cold Creek swamp and are down gradient of the swamp.

From Figure 2, we can see a significant decrease in chlorides
concentration beginning in early 1976 for both wells #5 and #6.
The major reason for this rapid decline in groundwater chloride
concentration is that the effluent pipeline to the river was
installed at the end of 1975 and plant effluent (high in
chlorides) was no longer allowed to flow thru the Cold Creek
swamp.

Figure 3 shows the contours of the water table surface through
the plant area in 1984 (Quarterly PCRA Data) and is a further
proof of groundwater flow to the south.

Figure 4 shows a hypothetical contour of the water table surface
(1978) after installation of the three intercept wells. It is a
further indication of groundwater flows towards the south. Note
that the groundwater south of Courtaulds flows to the north and
that Courtaulds has, by far, the largest influence on groundwater
flows in the area.
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Based on this information, we can conclude that the groundwater
flow at the Cold Creek/LeMoyne complex is .generally to the south
and that the Cold Creek swamp recharges the aquifer. We may
further conclude that the swamp has been washed constantly into
the aquifer and by surface flow to the river since the end of
1975 and that all water soluble contaminates have now been
removed.

Richard Halstead, P.E

RH:bb
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APPENDIX XXI
IDENTIFICATION OF SAMPLED FISH
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Amia calva Linnaeus
Bowfin

Order Amii formes
Family Amiidae

TYPE LOCALITY: Charleston. SC (Lin-
naeus 1766. Systema- naturae. Laurentii
Salvii, Holmiae. 12 ed.. 1:1-532).
SYSTEMATICS: Sole living representative
of Amiiformes. which first appeared in
Triassic and was well developed in middle
Mesozoic (Bailey 1971. McGraw-Hill Encycl.
Sci. Technol., 3 ed: 339-40). Genus Amia
extends back into Upper Cretaceous, and
occurs in early Tertiary in North America
(Patterson in Greenwood et al. (edsO 1973.
Interrelationships of Fishes).

Female (Jordan
mann 1900).

and Ever-

See map on next page

DISTRIBUTION AND HABITAT: Known
from St. Lawrence and Ottawa rivers and
Lake Champlain west throughout Great
Lakes, including Georgian Bay and lakes
Nipissing and Simcoe. ON; south in Missis-
sippi basin from Lake Winnibigoshish.
MN, to LA: in lower TX drainages west to
Colorado River: and along Coastal Plain
from AL to eastern PA. Changes in environ-
mental quality have probably all but
eliminated it from Missouri system, where
it was historically known as far north as
eastern SD (Churchill and Over 1933.
Fishes of South Dakota). Pflieger (1975.
Fishes of Missouri) stated that all Missouri
River records may be attributable to in-
troduction, a view not subscribed to here.
Introduced in a number of localities in IA,
IL. NC. and CT. Inhabitant of sluggish,
clear, often vegetated, lowland waters.

ADULT SIZE: 457-610 mm TL. 870 mm TL
maximum.

BIOLOGY: Commonly used as laboratory
test animal because of status as a "living
fossil", ease of maintenance, and interesting
behavioral and physiological attributes.
Capable of gulping air at the surface and
can withstand high temperatures, and is
even known to aestivate (Neill 1950. Copeia:
240). Males build circular nests in shallow.
vegetated areas in the spring, and protect
schooling young after hatching. Mansueti
and Hardy (1967. Development of Fishes of
the Chesapeake Bay Region) described early
development. Voracious predator that favors
fish but will consume virtually any type of
animal. Hoffman (1967. Parasites nf North
American Freshwater Fishes) listed parasites.
May live at least 30 years (Carlander 1969.
Handbook of Freshwater Fishery Biology
Vol. 1). Biology summarized in Scott and
Crossman (1973. Freshwater Fishes c'
Canada) and Pflieger (1975).
Compilers: G. H. Burgess and C. R. Gilbert.
November 1978.

ATIAS Of NOiTM AMfllCAN MfSHWATft FISHIS 53



3 10 0 0 3 9 5
Notemigonus crysoleucas (Mitchil l )
Golden shiner

TYPE LOCALITY: New York (Mitchill
1814. Kept on Fishes of New York: 1-30).
SYSTEMATICS: Possibly more closely
related to certain Eurasian cyprinids than
to any North American group (Gosline
1974. Jap. J. Ichthyol. 21: 9-15). Three
subspecies have been recognized — N. c.
crysoleucas in northeast, and N. c. auratus
and N. c. bosci in south — but recent authors
have not considered these valid. Variation
in anal fin ray count appears to be in-
fluenced by water temperature during
development (Hubbs 1921. Trans. 111. State
Acad. Sci. 11: 147-51; Schultz 1927. Pap.
Mich. Acad. Sci. Arts Letts. [1926] 7:
417-32). Scott and Crossman (1973. Fresh-
water Fishes of Canada) discussed and
provided additional data on geographic
variation in this character.

Order Cvpriniformes
Family Cyprinidae

MD: Anne Arundel Co.. Lake
Waterford. 101 mm SL
(NCSM).

areas in CA in-
dicate a p p r o x i m a t e

1976.

DISTRIBUTION AND HABITAT: On
Atlantic slop* from Maritime Provinces
south to FL. west to TX.and north to SA.
widely used as bait and ornamental thus
transplanted into many areas including
Parks, in United States. Miller (1952. Calif.
Fish Game 33:7-42) provided details on
stocking in southwest. Prefers clean, quiet,Ve8etated water with access to extensive
shallows. Common to abundant in ponds and
lakes. Often in streams and rivers where,
in sluggish sections, it may be abundant.
ADULT SIZE: 53-234 mm SL.

BIOLOGY: Because of value as forage
species, considerable information is avail-
able concerning propagation and biology
(see Carlander 1969. Freshwater Fishery
Biology Vol. 1 for summary). Keast and
Webb (1966. J. Fish. Res. Board Can. 23:
1845-67) studied foods and concluded it
was surface and midwater feeder. Scott
and Crossman (1973) provided summary of
general biology.

Compiler: D. S. Lee. March 1978.
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Erimyzon sucetta (Lacepede)
Lake chubsucker

TYPE LOCALITY: South Carolina (Lace-
pede 1803. Hiitoire Naturelle des Poissona
5:1-803).

SYSTEMATICS: Hubbs (1930. Misc. Publ.
Mus. Zool. Univ. Mich. 20:1-47) recognized
subspecies E. s. sucetta. and E. s. kennerlii
(sic), but Bailey et al. (1954. Proc. Acad.
Nat Sci. Phila. 106:109-64) and most subse-
quent authors have regarded differentiation
invalid. Variation in genus currently being
studied by B. R. Wall. Jr.___________

Order Cypriniformes
Family Catostomidae

SC: Barnwell Co.. Savannah
River system. 173 mm SL
(Smith-Vaniz 1968).

s;
DISTRIBUTION AND HABITAT: Atlan-
tic slope north to VA and south to tribu-
taries of Lake Okeechobee, PL; Gulf slope
south to Charlotte Harbor drainage. FL,
and west to Gumdulupe River system, TX.
Mississippi Valley in LA. AR, southeast
MO. MS. west TN. west KY. IL. IN, and
OH. In southern tributaries of Great Lakes
drainage to lakes Michigan, Huron, Erie,
and Ontario. Found on Canadian side of
lakes Erie and St. Clair. Common on lower
Coastal Plain: less abundant in inland por-
tions of range. Occupies ponds, oxbows,
sloughs, impoundments.and similar waters
of little or no flow that are clear and have
bottoms of sand or silt mixed with organic
debris. Aquatic vegetation usually present.
Abundance apparently declining in areas
subject to siltation.

ADULT SIZE: 130-386 SL mm.

BIOLOGY: Odum and Caldwell (1955.
Copeia:104-06) investigated respiration in
anaerobic FL spring. Hildebrand (1967.
Trans. Am. Fish. Soc. 96:414-16) studied
effects of herbicides on fertilized eggs and
fry. Reproductive biology summarized by
Scott and Crossman (1973. Freshwater Fishes
of Canada). Overall summaries by Traut-
man (1957. The Fishes of Ohio). Pflieger
(1975. The Fishes of Missouri), and Smith
(1979. The Fishes of Illinois).

Compilers: B. R. Wall. Jr. and C. R. Gilbert.
January 1980.
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Ictnlurvs natah's (Lesueur)
Yellow bullhead

TYPE LOCALITY: "North America"(no
locality mentioned) (Lesueur 1819. Mem.
Mus. d'Hist. Nat Paris 5:148-61).
SYSTEMATICS: No defini t ive systematic
study of species. Two subspecies recognized
at one time but synomized by Bailey et al.
(1954. Proc. Acad. Nat. Sci. Phila. 106:
109-64). Scott and Crossman (1973. Fresh-
water Fishes of Canada) commented that
/. M. erebenmm and /. n. tialali* still often
considered distinct subspecies and provided
list of synonyms.

Order Siluriformes
Family Ictaluridae

FL: Alachua Co.. Gumroot
Creek. 64 mm SL(NCSM).

^^^^^^f^^y
• ••>-•'* '' -\v •'• '-~ L^^

Line encloses native distribution

DISTRIBUTION AND HABITAT: Orig-
inally throughout eastern and central United
States: also introduced outside native ranjre.
Common in areas of heavy vegetation in
shallow, clear bays of lakes, ponds, and
slow moving streams (Scott and Crossman
1973). Tends to inhabit smaller, weedier
bodies of water than /. >ifbnli>Hun in south-
ern part of range. Common.
ADULT SIZE: ca. 380 mm TL.
JIOLOGY: Breder and Rosen (1966. Mini™
>/ Rr product inn hi Fixlirx) discussed repro-
duction. Carlander (1969. HttHtllinuk nf
Freshtcnlrr Fishery Binlmm Vol. 1) sum-

marized fishery information, diet, and
class-length relationships. Scott and Cross-
man (1973) discussed parasites and pre-
dators. Yerger (1953. Copeia:115) reported
a snake predator. Taste system structure
and function described by Atema (1971.
Brain Behav. Evol. 4:273-94). Orientation
and taste discussed by Bardach et al. (19K7.
Science 155:127(5-78). Chemical recogni-
tion, agnostic behavior, and establishment
of social hierarchies discussed by Tod<l
(1971. Sci. Am. 22<lf5]:98-108). Effects nf
detergents on taste buds reported by Bar-
dach et al. (19(55. Science 148:1605-07).
Compiler: 0. S. f.lodck. August l!)79.
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Fundulus chrysotus (Giinther)
Golden topminnow

Order Alheriniformes
Family Cyprinodontidae

TYPE LOCALITY: Charleston, Charleston
Co., SC (Giinther 1866. Catalogue of the
Fishes in the British Museum 6:1-368).

SYSTEMATICS: Subgenus Zygonectes. In
past frequently confused with similar F.
cingulatus. Brown (1956. Copeia:251-55)
diagnosed and compared the two species and
defined ranges. FL: ca. 56 mm SL (Jordan and

Evermann 1900).

DISTRIBUTION AND HABITAT: Lowland
areas (below Fall Line) from SC, GA, and
FL west along Gulf to eastern TX and north
to extreme southeastern MO and western
KY. Inhabits backwaters and pools of ditches
and slow-moving streams, usually associated
with heavy submergent aquatic vegetation.
Occasionally in brackish water along coast
Relatively common in preferred habitat
throughout most of range.

SIZE: 30-60 mm SL. 57 mm SL
aximum.

BIOLOGY: Feeds mainly on insects and
other aquatic invertebrates, near or at the
surface (Hunt 1953. Trans. Am. Fish. Soc.
[1952] 82:13-33). Leitholf (1917. Aquatic
Life 2:141-42) described reproductive activi-
ty in aquaria and noted that eggs were de-
posited on submerged plants, stones, and side
of aquarium. Eggs laid a few at a time over
period of a week or more. (Pflieger 1975.
The Fishes of Missouri).

Compiler: J. R. Shute. September 1978.
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Fundulus oiivaceus (Storer)
Blackspotted topminnow

Order Atheriniformes
Family Cyprinodontidae

TYPE LOCALITY: Florence. Lauderdale
Co.. AL (Storer 1845. Proc. Boston Soc. Nat.
Hist 2:47-49).
SYSTEMATICS: Submenus Zygonectes. Re-
garded by Hubbsand Burnside(1972. Copeia:
862-65) as distinct genus. Most closely re-
lated to F. notatus (Braasch and Smith 1965.
Copeia: 46-53: Thomerson 1966. Tulane Stud.
Zool. Bot. 13:29-47) and an apparently un-
described species from Tangipahoa River, MS
and LA. Setzer (1970. Trans. Am. Fish. Soc.
99:139-46) reported basic difference in diploid
chromosome number between F. notatus (40)
and F. olivacevs (48) throughout respective
ranges, but Black and Howell (1978. Copeia:
280-88) found race of F. notatus in upper
Tombigbee River system, AL and MS. with
22 pairs.

LA: Lincoln Parrish. Ouachita
River drainage, 45 mm SL
(Smith-Vaniz 1968).

DISTRIBUTION AND HABITAT: Gulf
slope, from Galveston Bay drainage, TX,
east to Choctawhatchee River system. FL.
and middle Chattahoochee River drainage,
GA; north in Mississippi Valley to central
MO and southern IL, and east to eastern TN.
Prefers small to large fast-flowing, relatively
clear, sand-gravel bottom streams where
often occurs along margins near thick
stands of emergent vegetation. Common but
rarely collected in large numbers.

ADULT SIZE: 60-90 mm TL. 97 mm TL
maximum.

BIOLOGY: Food habits discussed by Rice
(1942. J. Tenn. Acad. Sci. 17:4-13). and fur ther
studies on biology by Thomerson (1966).

Compiler: J. R. Shute. March 1978.
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Aphredoderus sayanus (Gilliams)
Pirate perch

TYPE LOCALITY: Fishponds, Harrowgate,
"near Philadelphia" (Gilliams 1824. J. Acad.
Nat. Sci. Phila. 4:80-82).
SYSTEMATICS: Only living member of
family. Two recognized subspecies A. s. siy-
anus on Atlantic slope and A. s. gibbosia in
west Precise range limits of subspecies and
zone of intergradation not recorded in liter-
ature, but presumed to be similar to that
shown by Crossman (1966. Copeia: 1-20) for
Esoz americanua.

Order Percopsiformes
Family Aphredoderidae

DE: Sussex Co., Raccoon Pond.
69 mm SI* (NCSM)

DISTRIBUTION AND HABITAT: Wide-
spread throughout lowlands of Atlantic and
f J u l f slope. Mississippi Valley. Disjunct pop-
ulations in Lake Erie and Lake Ontario drain-
ages, western NY. In lakes, ponds, quiet pools,
and backwaters of low gradient streams with
an abundanceof aquatic plants.orpranic debris
and other cover. Rare and localized toward
periphery of range (particularly in north), but
elsewhere may be very common in preferred
habitat .

ADULT SIZE: 64-144 mm TL.

BIOLOGY: Little is known. Recent summary
by Pflieger (1975. The Fishrs of Missouri)
provided observations on age and growth.
Early growth and development described by
Mansueti (1963. Copeia :546-57). Huish and
Shepherd (1975. J. Elisha Mitchell Sci. Soc.
91:76) investigated asre, movement, density,
period of fecundity, and stomach contents of
a NC population. Insects are the major food
(Becker 1923. Occas. Pap. Mus. Zool. Univ.
Mich. 138:1-4; Flemer and Woolcott 1966.
Chesapeake Sci. 7:75-89).

Compiler: D. S. Lee. April 1978.
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Lepomis gulosua (Cuvier)
Warmouth

TYPE LOCALITY: Lake Pontchartrain,
New Orleans. LA (Cuvier in Cuvier and
Valenciennes 1829. Histoire Naturelle des
Poissons3:l-500).
SYSTEMATICS: Long placed in monotypic
genus Chaenobryttus. Placed in Lepomis
by Bailey et al. (1970. Am. Fish. Soc.
Spec. Publ. 6:1-150). Known to hybridize
with at least four other Lepomis spp.,
Micropterus salmoides, and Pomoxis
nigromaculatus.____

Order Perciformes
Family Centrarchidae

(N.C. Wildl. Resour. Comm.
and NCSM)

DISTRIBUTION AND HABITAT: Common
in ponds, lake*, and occasionally streams,
from KS and lA to southern WI, MI, and
west PA, south to Rio Grande and FL. Pre-
sumed native on Atlantic slope north into
VA, perhaps to MD. Transplanted west of
Rockies and to portions of Atlantic slope.
Occasionally reported in brackish water up
to 4.1 ppt. Abundant where introduced in
saline water of lowermost Colorado River. AZ
(Minckley 1973. Fishr* nf Arizona).
ADULT SIZE: 75-260 mm TL; 284 mm TL
maximum.

BIOLOGY: Larimore (1957. III. Nat. Hist.
Surv. Bull. 27:1-83) studied life history in
IL and found nesting from mid-May to Au-
gust. Nests usually constructed near cover
and guarded by male. Feeds mainly on in-
sects, crayfish, and fish. Carlander (1977.
Handbook of Freshwater Fishery Biology
Vol. 2) summarized published information
and tabulated data on age, growth, length,
and weight.

Compiler: D. S. Lee. December 1978.
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Lepomis macrochirus Rafinesque
Bluegill

TYPE LOCALITY: "Ohio River" (Ra-
finesque 1819. J. Physique 88:417-29).
SYSTEMATICS: Three subspecies are
recognized. Lepomin m. macrochirus occurs in
the Great Lakes and north Mississippi basin,
L.m. uptciosus in TX and Mexico and L.m.
purpurescenn on the Atlantic slope from
coastal VA to PL (Hubbs and Lagler 1964.
Fishes of the Great Lakes Region). Widespread
introductions have resulted in extensive
mixing of these gene pools. A vise and Smith
(1974. Evolution 28:42-56) studied geographic
variation and subspecific intergradation. and
Avise and Smith (1977. Syst Zool. 26:319-35)
studied relationships to other centrarchid
species using electrophoretic data. Commonly
hybridizes with several other species of
Lepomis, particularly in areas of ecological
disturbance. Considered to be most closely
related to L. humilis (Branson and Moore
1962. Copeia: 1-108).

Order Perciformes
Familv Centrarchidae

(N.C. Wildl. Resour. Comm.
and NCSM)

Former Distribution Present Distribution
See map on next page

DISTRIBUTION AND HABITAT: Orig-
inally restricted to western and central North
America where it ranged from coastal VA to
FL. west to TX and northern Mexico, and
north from western MN to western NY. Widely
transplanted elsewhere in North America and
introduced into Europe and South Africa.
Inhabits shallow warm lakes, ponds, and slow-
flowing rivers and creeks often with abundant
aquatic vegetation.
ADULT SIZE: 178-203 mm TL. 405 mm TL
maximum.

BIOLOGY: Spawning has been summarized
by Breder and Rosen (1966. Modes of
Reproduction in Fishes). This is a generalized
wide spectrum feeder. Carlander( 1977. Hand-
book of Freshwater Fishery Biology Vol. 2)
provided a lengthy summary and discussion of
the general biology and of growth data
obtained from numerous management studies.

Compiler: D.S. Lee. February 1978.
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Lepomis marainatus (Holbrook)
Dollar sunfisn

TYPE LOCALITY: St Johns River, FL
(Holbrook 1855. J. Acad. Nat. Sci. Phila.
[Ser. 2] 3:47-58).

SYSTEMATICS: Closest relative L. mega-
lotis, the two comprising submenus Icthelis.
Considered monotypic by previous investi-
gators, but recent studies by compiler in-
dicate possible polytypy. Reeves and Moore
(1949. Proc. Okla. Acad. Sci. 30:41-42) gave
diagnostic characters for separation from
L. megalotis.

Order Perciformes
Family Centrarchidae

AR: Calhoun Co., Locust
Bayou. 72 mm SL(NCSM).

DISTRIBUTION AND HABITAT: South-
ern coastal drainages from NC to TX and
north through central Mississippi basin to
KY and AR. Usually common to abundant.
Species of swamps and sluggish streams.

BIOLOGY: Very little information avail-
able. McLane (1955 Ph.D. diss.. Univ. Flori-
da) classified it as insectivorous and re-
ported breeding season as extending from
April to September in St. John's River, FL.

ADULT SIZE: 36-100 mm SL Compiler B. H. Bauer. December 1978.
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Lepomis megalotis (Rafinesque)
Longear sunfish

TYPE LOCALITY: Kentucky. Licking,
and Sandy rivers. KY (Rafinesque 1820.
Icfithyologia Ohiensit).
SYSTEMATICS: Closest relative L mar-
ginalia, these two species comprising sub-
genus Ictkelis. Hybridizes extensively with
other Lepomis. Most polytypic member of
family Centrarchidae. consisting of from
four to six subspecies. Presently under
study by compiler.

Order Perciformes
Family Centrarchidae

(NMC)

>- k V S'f -Lr 'i \ •• |-~ • •."••' --• r^-•^r-^W'm^•• .„•- . - ' . • •- '/ r^^^'---^":-^ • :&*i•' .'-̂  --T-'--.•'—<,' .——^ J 'V/-.-..-S? 7_. .'r* • .J i ' ;N_ _ ^r -4 . • X «••> vVl '_4

Native and introduced populatio

DISTRIBUTION AND HABITAT: Re-
stricted to fresh waters of east-central North
America. West of Appalachians, occurs from
southern QU south to Gulf of Mexico in AL
and western FL. Extends west through TX
and Rio Grande tributaries in northeast
Mexico, north through eastern parts of the
states from OK to southern ON. Now thrives
in reservoirs, but typically inhabits small
streams and upland parts of rivers, gen-
erally absent from downstream lowland
sections.
ADULT SIZE: 41-200 mm SL.

BIOLOGY: Various aspects of l ife history
well studied. Hubbs and Cooper (1935. Pap.
Mich. Acad. Sci. Arts Lett. 20:669-96) and
Bacon and Kilambi (1968. Proc. Ark. Acad.
Sci. 22:44-57) reported on age and growth.
Applegate et al. (1966. Proc. 20th Ann.
Conf. Southeast. Assoc. Game Fish Comm:
469-82) studied food habits. Numerous
authors have studied breeding and mate
selection behavior.

Compiler: B. H. Bauer. August 1978.
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Lepomis punctatus (Valenciennes)
Spotted sunfish

TYPE LOCALITY: Charleston, SC (Valen-
ciennes in Cuvier and Valenciennes 1831.
Histoire Naturellt da -Poissons 7: 1-531).
SYSTEMATICS: Two subspecies recognized:
L. p. punctatus ranging from NC to FL, and
L. p. miniatus in Mississippi and most Gulf
slope drainages; zone of intergradation ap-
parently in extreme west FL (Carr and Goin
1959. The Reptiles, Amphibians, and Fresh-
water Fishes of Florida) and probably AL.

Order Perciformes
Family Centrarchida*

MO: New Madrid Co..
Sikeston, 111 mm SL (Mo.
Dept. Cons.).

Open circles transplanted populations

DISTRIBUTION AND HABITAT tSoutheast-
ern United States from eastern TX east to
and including peninsular FL, north along
Atlantic slope to southeastern NC. In Miss-
issippi basin north to IL. Common in quiet
or moderately flowing waters with heavy
vegetation or other cover.

ADULT SIZE: 55-140 mm SL, ca. 200 mm
TL maximum.

BIOLOGY: Forbes and Richardson (1920.
The Fishes of Illinois) reported spawning
in May in IL. Pflieger (1975. The Fishes of
Missouri) noted nesting in July in MO and
commented on various aspects of life history.
Carr (1946. Q. J. Fla. Acad. Sci. 9:101-06)
studied courtship, spawning, and nest de-
fense habits in FL, and recorded spawning
from early spring to November. Courting
males make grunting sounds (Gerald 1971.
Evolution 25:25-87). Carlander (1977.
Handbook of Freshwater Fishery Biology
Vol. 2) summarized available weight, age,
and growth information.
Compiler: D. S. Lee. November 1978.
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Micropterus salmoides (Lacepede)
Largemouth bass Order Perciformes

Family Centrarchidae

TYPE LOCALITY: "les rivieras de le
Carolina"; Charleston, SC, regarded as prob-
able type locality (Lacepede 1802. Histoire
Naturelle des Poissons 4:1-728).
SYSTEMATICS: Subfamily Lepominae.
tribe Micropterini. Formerly placed in
monotypic genus Huro (Hubbs 1926. Misc.
Publ. Mus. Zool. Univ. Mich. 15:1-77;
Hubbs and Bailey 1940. Misc. Publ. Mus.
Zool. Univ. Mich. 48:1-51). Hubbs and
Bailey (1940) reviewed systematical and
Bailey and Hubbs (1949. Occas. Pap. Mus.
Zool. Univ. Mich. 516:1-40) defined and
mapped distinctive subspecies. M. s. flori-
danus, endemic to peninsular PL.

(N.C. Wildl. Resour. Comm.
and NCSM)

Former Distribution Present Distribution

DISTRIBUTION AND HABITAT: Origi-
nal range from northeastern Mexico to FL,
much of Mississippi River, north to south-
ern QU and ON and on Atlantic slope north
only to southern or central SC. Precise origi-
nal distribution masked by numerous un-
documented transplants. Bobbins and Mac-
Crimmon (1974. Biomanag. Res. Cent.:l-
196) extensively surveyed nearly worldwide
introductions. Prefers clear, quiet waters
vith aquatic vegetation. Common to abun-
ant throughout most of range.

ADULT SIZE: ca. 120 mm - 700 mm TL.

BIOLOGY: One of most important North
American gamefish and much information
available. Summaries of life history and
propagation information available in Scott
and Crossman (1973. Freshicater Fishes of
Canada) and Carlander (1977. Handbook
of Freshwater Fishery Biology Vol. 2).
Heidinger (1974. An Indexed Bibliography
of the Largemouth Bass. Micropterus
salmoides) provided extensive bibliography.

Compiler: D. S. Lee. February 1978.
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APPENDIX XXII
LOCATION OF CARBON TETRACHLORIDE STORAGE

AND SPILL AREA AT THE LEMOYNE PLANT

2468G G361-740
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APPENDIX XXIII
GROUND-WATER INTERCEPT
AND TREATMENT PROGRAM



I U U U 4 i I L> GROUND-WATER INTERCEPT SYSTEM

The interceptor well system was originally designed to
depress the ground-water table to the extent necessary to act
as an effective hydraulic barrier to the southward movement of
contaminants. Normally, without the intercept system,
approximately 0.5 million gallons of ground water per day pass
the southern property boundary of the site. At maximum design
pumping rates of 1500 gallons per minute (gpra). the intercept
wells remove about 2 million gallons per day. Since 1982.
pumping rates have varied between 1,000 and 1,300 gpra. These
pumping rates are sufficient to remove the contaminated ground
water as evidenced by the very low contaminant levels south of
the site boundary (see Section 5.0).

The only major problem associated with operation of the
intercept wells has been the measurement of flow in the wells.
not flow itself. A minor problem associated with the wells has
been the precipitation of aluminum oxide in wells IW-2 and
IW-3. The precipitation of aluminum oxide has resulted from
the dissolution of clay minerals in the strata surrounding the
wells by the slightly acidic ground water that the wells
intercept. The aluminum precipitate has been cleaned from
these wells on an as-needed basis in order to maintain adequate
flow rates. Thus, wells IW-2 and IW-3 have been out of service
periodically for cleaning and/or repair since 1980. A
submersible pump was used while the wells were being serviced
in order to maintain adequate flow rates.

1-1
2421G PG-361-740
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2. GROUND-WATER TREATMENT PROGRAM

In December of 1979 and January of 1980. Stauffer Chemical
Company conducted treatability tests on contaminated ground
water taken from the aquifer in the proposed interceptor well
system area. The attached "Treatability Report. January. 1980,
Air Stripping" describes the results of those tests. The
effects of air stripping the two volatile chemicals, carbon
tetrachloride (CTC) and carbon disulfide (CS_). by spraying
through nozzles and by floating mechanical aerators were
measured. The test results indicated that ground water
containing relatively high concentrations of carbon
tetrachloride (up to 80 ppra) and carbon disulfide can be
successfully aerated to produce an effluent with volatile
concentrations of 50 ppb or less.

Since 1980. when the ground-water treatment system was
designed, the concentrations of carbon tetrachloride and carbon
disulfide in the ground water have decreased from up to 80 ppra
to less that 10 ppm. Because the spray nozzles in the
ground-water treatment system perform the bulk of the removal
of the contaminants (greater than 90% removal), and because
NPDES permit levels for discharge of CS. and CC1. in
treated water were not being exceeded with use of the spray
nozzles alone, a decision was made to discontinue use of the
mechanical aerators.

Attached to the treatability report are notes on potential
remedial action technology for CMA's Solidwaste Work Shop
(8/23/83). and a schematic of the aeration system.

2-1
2422G PG-361-740
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ATTACHMENT 1

TREATABILITY REPORT

JANUARY, 1980

AIR STRIPPING
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VOLATILE GAS STRIPPING SYSTEM DESIGN RBCQMKEKDATIONS

BASES en TEST CAMPAIGN RESULTS

LflMOYNE GROUNDWATER IMPROVtXENT PROGRAM

APPROPRIATION REQOEST I 1625A660

January 1980
T. H«lfgott Ph.D., P .E,
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I. PURPOSE

ZZ. SUMMARY

ZZZ. TEST DESCRIPTION AND RESULTS

IV. INTERPOLATION ANTICIPATED PERFORMANCE
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TABLES

APPENDIX

Nomenclature
Terms Used

0 • diaaatar

MB • Million Gallon*

• 1

• 1 pp« • 1000 ppb • 1000

Gpa • Gallons p«r ainutt

hp • hors«pow«r



I. PURPOSE
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A. Tb« overall purpose of this project is to have • groundw«t*c

treatment system that takes 1500 gpm water from a carbon

tetrachloride and carbon bisulfide laden aquifer by means of

intercept wells, ••rates the water with sprey nozcles and

mechanical »«raton, raises th« pH of th« wat*r to meet river

discharge standard (pH 6-9) and discharges the water essentially

free of the two volatile gas (each lees than 50 ppb) (SO

ug/1) into the Mobile River. The discharge standard of less

than 10 ag/l total suspended solids «ust also be met.4

, B. The intent of this report is to offer the basis for design

recosnendations for the volatile gas stripping system- in the

LaNoyne Ground water Improvement Prograsi. The one tenth" long

test campaign at the LaMoyne facility had three major objectives:

1. to size mechanical ••r»tors in terms of horsepower rating

and select number of aerators necessary to achieve required

residual volatile gas levels.

2. to affirm that the SO «g/l standard could be met; and

3. to collect noszle stripping performance data.

• Since the groundwater contains 4-30 mg/1 Pe it is anticipated
that at least part of the time greater than 30 mg/1 TSS will be
generated largely ae hydrated iron floe - [re (OH).* 6 H.cQ

•• 17 December 1979 thru 15 January 1980. As of this time, however,
all requested tests have not been done, and all data is not yet
available.
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11. SUMHAW

ru
Based on the test eaapaign rtsults at the LeMcyne facility "Carbon

Tat" pond, the following volatile gas stripping systaat ia reconmended

IT "

Six (6) mechanical aerator* each of 20 horsepower rating in a

pond arranged in either of the conformations shown in the

margin. See picture of the floating aerator in the Appendix.

Pond size can be selected on the basis of marginally overlapping

zones of turbulence between aerators in order to realize a

relatively long narrow pond and smallest area.

C. Detention tiae under aeration is net critical controlling

parameter for these rapid surface renewal machines arranged as

suggested.* For the eight foot depth of pond the pumping

function of the mechanical aerators should easily satisfy the

need for rapid turnover of the water under treatment.

0. Twelve full cone spray nozzles rated at 125 gap and 30 psig

aon-cloggiag (1 3/4" 0) orifice are recoonanded".

• Detention tine would be a problem for uradxed ponds of very short
retention periods or for very long detention tiaes for low flow-
through.

•• See in appendix vendors letter of 7 January 1980.
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II. SUMMARY - (cont'd)

Compared to the preliminary design, the recommended gas stripping

equipment, based on the test campaign, can save 40% of the capital

cost for the mechanical aerators and over 50% of the operating

power cost since 6 units at 20 horsepower are suggested rather than

10 units at 25 horsepower.

ZIZ. TEST DESCRIPTION AMD RESULTS

Figure 1 is a schematic flow sheet of the "Carbon Tet" pond at

LeMoyne that was used to treat the groundwater. Only 2 (out of 4)

of the wells in the well field of the aquifer could be used at the

time of the test. Each pump was rated at 75 gpm. Due to production

needs, 30 gpm of low carbon tetrachloride (roughly 10 to 1000 ppb)

containing effluent at pH 7 also went into the pond. Flat spray

nozzles (1 inch opening) at an operating pressure and flow (though

much below rated capacity) were used. As shown on the flow sheet

the pond was 1.5 NC size with a baffle at a 2/3 point to attempt to

segregate the aeration zone from the settling zone. At the (We>tern)

end of the pond a simple overflow collection though is used. Typical

operating parameters are flagged on the flow sheet and the 5 major

sampling points are indicated. Table X lists the data summary for

the 5 tests (A through E) for which data are available at this

point. Data accumulated are attached to the appendix of this

report.
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III. TEST DESCRIPTION AND RESULTS - (cont'd)

A. for the first test, the aerators were turned off *nd the pond

w*s influxed with the well water containing about 86 ppm CC14>

The concentration in the pond rote from 0.001 ppm (1 «g/l) to

just below 7 ppa where the concentration started to plateau

after six days. Figure 2 show* the concentration charges of

CC1 with tiae that would iaply a detention tiae of the pond

(without mixing) of roughly 6 days, or 4 days for up to the

baffle (2/3 of the 1.5 MG volume of the pond). This corresponds

to the tiae in this pond for the flow rate anticipated.

The outlet concentration of CS, was 0.37 ppm (370 ng/1) while

the well water had an average concentration of about 3.2 ppm

(3,200 ng/1). Since there was no mechanical aerator used in

this test most of the removal is to be due to the nozzles

(88%).

B. In the next test, two aerators were turned on which drew 31-32

amperes per unit. In less than a day or so, the final effluent

went to 0.3 pp» CC1 (300 M/1) and remained about this value.

This is taxen as the lowest value that can be achieved by one

Mt of two aerators following an initial reduction of better

than 90% by the nozzle.

Since only 17*1-18 hp (horsepower) were drawn by each 25 hp

aerator these could be specified as 20 hp units. The 25 hp

units would be more appropriate if this were a thicker wastewater

rather than a relatively clean groundwater.
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III. TEST DESCRIPTION ANC RESLT.TS - (cont'd)

Although CS, data is sparse values as low as 12 ppb (12

were noted for the effluent in this test. The average

w*ter CS, concentration was about 3.2 ng/1 (3,200 ng/1) so an

adequate overall reduction of better than 99% is achievable.

C. In the third test, one aerator was left on and the effluent

quality went to about 0.7 ppm (700 ng/1) in less than the

anticipated full detention time of the pond indicating a

highly mixed system. In general, better than 90% removal is

still noted for the nozzles which are doing the bulk of the

removal in terms of Ifes CC1. stripped. The mechanical aerators

are needed to polish the groundwater to the discharge standard.

D. The fourth test used two aerators with the nozzles at 2 psig.

The average removal across the pond assignable to the 2

mechanical aerators alone waa §9% (0.450 to about 0.05 ppm for

7 sets of average data).

E. It was necessary to be sure that a 50 ppb (50̂ »g/l) or better

ef CC1. could be reached. In this last test, the wells were

•hut off and the production effluent concentrations were

noted. For average beginning of pond values of about 100 ppb

(100 «g/l), end of pond values below 10 ppb CC1. were achieved.

For the few data points for CS. the values were below 50 ppb

(41 6 13 ppb).
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III. TEST DESCRIPTION AND RESULTS - (cont'd)

ZA this test saoples were also taken froo the middle of pond

and compared to the outlet concentration: for 5 Batch Maple

sets there was no significant difference in concentration.

From this it is concluded that except for the inlet side of
U/?jr

the pond (£**£), the pond is uniformly mixed from at least the

middle area to the effluent area*. A visual flow pattern

could be seen in the pond due to the black-brown iron sludge

content: see reactors shown in flow sheet. The iron was

dispersed uniformly after the first SMchanical aerators.

Quantitative Results

Quantitative results are summarized on Table XI. Because the

pR was net controlled in the test, the pB ranged frost 3.0 to

5.5 at the influent point; it was 4.6 as an average. Typically

the well water has a pH of 5.3 but because some iron precipitated

there was acid generation. The pH of the production water was

7.0. Suspended solids, roughly correlated to turbidity, did

not change much. The settling sone beyond the baffle wms not

very effective. Turbulent eddies could be seen by-passing the

plastic baffle curtain. The alkalinity of the well water was

generally low, typically about 17 mg/1 CaCO. eq., and the

acidity is typically about 70 mg/1 CaCOj eq. Figure 3 is a

titration curve froa earlier tests on the groundwater showing
:

other water quality information and alkaline requirements

At this time, sampling in depth in the pond has not been done yet
but for the high mixing reigm of the aerators uniform distribution
froa bottom to top of pond is expected.
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III. TEST DESCRIPTION AND RESULTS - (cont'd)

in t«xm» of caustic, lime, or calcium carbonate to achieve a

pH~of about 6. A major advantage of CaCO^ is that it would

tend to buffer th« water systam at about 6.3 while not adding

•odiua and improving th« overall water quality in terms of

hardness and alkalinity.
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IV. nnTWOLATION ANC ANTICIPATE PEE70RMANCE

With the limited data on hand, the task now is to interpolate the

information for a full design. At this tine, we have the following

information: (1) We know what the nozzle can do — better than 90%

in most cases. (2) We know that a set of 2 aerators with a starting

influent concentration of about 3-4 ppm can reduce this to about

0.3 ppm (300 mg/1). (3) We know there is little influence (less

than 10% CC1. removed) accountable for the settling tone; that is,

between the baffle and the pond outlet there is no significant

change in CC1. concentrations. (4) We know that if we start into

the pond at lower concentrations using a set of 2 Mchanical aerators

the following CC1. levels can be accomplished:

Test 0: 0.450 ———— •— 0.049 (89%)

Test ti 0.103 ———— •—• 0.010 (90%)

The data for CS. is very sparse but the very limited information

indicates about 90% plus removal by the nozzle is possible and that

effluent concentrations below 50 ppb (50 M/l) can be reached.

The initial concentration of CS, is less than 10% of that for CC1

and it is anticipated that CS2 is more readily stripped from the

water phase into the air.

Frosi this data we can assemble a CC1. removal diagram, Figure 4, so

that each bar represents a set of 2 aerators following the initial

removal by the norzle. From the graph we can see by extrapolation

that three sets of 2 aerators would more than be minimal to go

below 50 ppb and the 2 sets of 2 aerators following the nozzles

would be marginal at best.
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rv. INTERPOLATION AND ANTICIPATED PERFORMANCE - (cont'd)

Table V show* the anticipated performance of the system assuming

three levels of veil water CCl^ — 30 ppn CC1 the original design

figure; and the 60-80 ppa CC1 that was seen during the recent test

campaign. Therefore, a conservative design would be for 6 aerators

and 4 or 5 aerator units would be the aaxgin selection. The aerator

rating can be 20 hp based on the actual power drawn and noted during

the tests.

Since the preliminary design called for 2SO hp (10 z 25 hp units)

the test campaign has realized a better than a 50% power saving as

well as a lesser maber of mechanical aeration units.
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Figure 1

"Carbon Tet" Pond at LeMoyne

from two 75 Gpm well pumps

Zone of
Turbulent
Aeration

25 Hp
Mechanical
Aerators ̂

1.5 MG
Pond

To
treatment
pond

plastic
baffle
sheet

collection
trough

general
flow pattern

•Settling
zone

from pH adjusted steam stripped
CC1. production effluent

Size of zone of turbulent aeration: approximately 100 ft

Five major sampling points indicated

Approximately 1.0 MG water under mixing and rapid aeration
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TABLE I

DATA SUMMER* — GRCUNDWATER IMPROVEHZNT CAMPAIGN
_ _ _ _ _ L e H o y n e , Alabama

December 19*79 - January 1980

Test

A

No. of Aerators
___in Use flow From

w«lls
?r eduction

W*ll» and
Production

Wells and
Production

Wells and
Production

Production
Only

Major Information Gained

0«tantion Time: 4-6 days
Overall Reduction
86 m 7 ppn CC14

Power Drain: 18 hp each aerator
Noxzle Removal! 86-99% CC14
for an average of 96%
40 • 0.3 ppm CC14

Noszle Removal: 93% CC14
Overall Removal: 98.8%
60 •» 0.7 ppm CC14

Aerator Set Removal:
0.4 ——• 0.08 ppm CC14 *

Aerator Set Removal
0.1 ——• 0.01 ppn CC14

Hechanimi

Vocsle

1 Aerator

2 Aerators

•al % CC14 from Influent

Summary of all Tests

Average % Range %

92 77-99

82

91- 78-99



TABLE 11
3 10 004^9.

Quantitative Inforaation

Turbidity in 12 NTU

Turbidity out 12 NTU

Total Suspended Solids in 11.9 wj/1

Total-Suspended Solids out 11.4 ng/1

Iron in 3.7 ppa re

Iron out 3.4 ppm F«

pa in Avg. (Range) 4.6 (6.5-3.0)

pH out Avg. (Range) 3.9 (5.0-2.9)

Hell Hater pH 5.3 (typically)

Water Temperature 66° T (19° C)

Nell 929 162 ppa CC14

Well »31 9.5 ppa CC14

Ambient Air l-2xlo'4 ppa CC14

Air Temperature 38-70° F (4-21° C)

Acidity 16 ppa CaC03 eq.

Alkalinity ! ** 70 ppa CaCO. eq.
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TML£ III

Conservative Design

90%* Stripping of CC14 by Nozzles

90% Stripping of CC14 by each set of 2 Aerators

Concentrations, ppm CC1,

Znlct Concentration

Hezzl* Outlet

End of 1st Set

End of 2nd Set

End of 3rd Set

30 60 80

3 6 8

0.3 0.6 0.8

0.03 0.06 0.06

0.003 0.006 0.008

I Discharge Required SO ppb - 0.050 pp« - SO ug/1 I
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ATTENDIX

1. Picture of Systen Floating Aeration Used.

2. Letter from vendor, lea. Steiner Mfg. Co.,
reconendin? nozzle specification for the
ground vat ex improvement prograa.

3. D*ta Collection
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HYt)tOnVN4MlCS
7111 MAGNOUI* ST

O BOX J?iM
VA 73J61

CUT AWAY OF THE SYDCO OXYGENATOR SHOWING THE PROPRIETARY DESIGN. QUALITY
WORKMANSHIP AND MATERIALS. AND SUPERIOR CONSTRUCTION
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January 4, 1980

Dr. T. Helfgott
Stauffer Chemical Co.
Dobbs Ferry, NY 10522

Dear Dr. Helfgott:

This will confirm our discussion yesterday regarding the
change of pressure specifications for the spray nozzles in the
gas stripping application.

We suggest consideration be given to the following:

Twelve units of the Steinen Ri-Flo Tan-Jet nozzle fTHM
or THF 14516. This nozzle is rated 9 126 g.p.m. 9 30 p.s.i.
with a spray angle of 96°. This will provide a total system
flow of 1,512 g.p.m. 9 30 p.s.i.

Due to the solid content of 2,000 p.p.m. as well as a
pH of approximately 5 of the solution, we suggest consideration
of 316 stainless steel as a material of construction. Since
this is a casting, we would require a minimum of six weeks
for shipment after receipt of order. The approximate orifice
diameter of this nozzle is 1-3/4*.

If you develop any further questions, please let me know.

.ye; fOUJ

•'«#-John J.I

V
C.;K.*U*

iquali [
Us Manager (,

Industrial Division

\.

JJP:js

INDUSTRIAL NOZZLI DIVISION: S»**» NOZZLES *C* ALI. TV»£S Of VA?.v.-*CT^e \5 *':0 »*C:E3: '.0 A«>_ C*' :- 3
MCATINO MOOUCTS DIVISION: 2i'. 3u»NEa NCCCtES • aES^OEN'iiL "«C.»"'•». *'-2 :C'.:v£aC *. 3»*f CCs":..S

DIVISION: S^KAT NCIlLiS '0* ALL T>»£i Cf
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8/23/83

. Motes on Potential Remedial Action Technology
For CMA's Solld-aste WorK Shop

I. Croundwater Interceptor System (South Eastern U.S.)

Because of leaks and spills over the years, the groundwater beneath
this plant had become contaminated with fairly high concentrations
of volatile organics. After an extensive groundwater study and
pilot testing, a groundwater interceptor and treatment system was
designed. Two rather significant groundwater parameters came to
light during the study which had a bearing on the overall design.
These were low pH (3.6 to 6.2) and high dissolved iron (10 to 15
ppm). It became apparent that the most cost effective method of
organic removal was soot sort of aeration. Any aeration would
however oxidize the dissolved iron to insoluble ferric hydroxide
and further reduce the pH. This tlialnated the possibility of
using a packed bed air stripper and groundwater reinjection.
t
Froo the hydrogeologic Investigation, it was determined that three
(3) interceptor wells located in a lint 300 ft. apart and pumping
at 500 GPM each would fora a depression to intercept the
contaminated groundwater. It was also determined that by sparging
the water through spray nozzles, about 80 to 901 o/ the volatile
organics would, be driven off. To meet surface water discharge
limit's, organic removals of 99.81 were necessary and" the ph* of* the
effluent had lb~ be betwe«n~6 and 9V Total suspended-sol ids were- -
limited" to 30" ppm.

A rectangular shaped pond with a capacity of 3,200,000 gal. was
installed. Because of space limitations the pond was located some
3,600 ft from the interceptor wells. The well pump headers were
connected to a 12 in. PVC pipe which terminated at the pond by a
spray header with (12) - 2 in. spray nozzles.

In order to achieve better organic removals, 8 floating mechanical
aerators were installed and a partial baffle used to limit
back-sizing. A quiescent zone near the pond's effluent end allowed
for settling of the ferrie hydroxide.

The pH was controlled most uniquely with s dual head metering pump
feeding SOS caustic directly into the 12 inch pipe line near the
well pump end and just upstream of a static mixer. A small pump
was used to continuously take samples from the pond and pump it
through a pH measuring assembly which sent a set point signal to a
pH controller back near the well pumps. This controller compared
the pH after caustic addition with the aet point and adjusted the
metering pump accordingly. A rangeability of 1500 to 1 was deemed
necessary so the metering pump was designed with automatic stroke
adjust on each head and SCR variable speed control on the pump
motor. With s 1 to 20 MA DC input control signsl, the pump output
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flow rarg-s from C.D003 to 0.«5 3?H.

The treated effluent was collected by • flume connected to a sj-p
outside the pond. A continuous saopler was placed in the line
bttween the sump and the river. Flow was by gravity.

The entire system has been in operation for almost 3 years. The
total Installed cost was about S2.000.000 and the operating cost is
about $60,000 per year. Thus Tar, the concentration of organic
contaminants In the groundwater have been reduced by more than 50J.
Concentrations are starting to level off and there is no telling
how long it will take to adequately clean the aquifier.
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APPENDIX XXIV
SUMMARY TABLE OF MONTHLY THIOCARBAMATE

DISCHARGE ANALYSIS. TABLE 24-1
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TABLE 24 I

SUMMARY TABLE OF MONTHLY THIOCARBAMATK UlSCHAKOE ANALYSIS

(THIOCARBAMATO CONCENTRATIONS IM POUNDS/DAY)

Month

January
February
March
April
May
June
July
Auqust

September
October
November
December

LeiKoyne

N/A
N/A

N/A

0.46

0.40

0.29

0.68

0.30

0.29

0.39
0.11

N/A

1984

Cold Creek

N/A

N/A

N/A

<0.10

0.10

0.14

0.64

0.31

0.02

0.10

0.06

0.40

Total

M/A
N/A

N/A

<0.56

0.50

0.43

1.32

0.61

0.31

0.49
0.17

0.404

Leaoyne

0.15

0.17

0.14

0.10

N/A

0.11

0.10

0.12

0.09

0.10

0.16

0.16

1985

Cold Creek

0.07

0.50

0.99

0.02

0.05

0.23

4.00

1.44
0.71

0.27

0.70

0.02

Total

0.22

0.67

1.13

0.12

0.054

0.34

4.10

1.56

0.80

0.37

0.86

0.18

Leaovne

0.06

0.33

0.15

0.16

0.27

0.01

0.07

0.01

0.16

0.09

0.89

0.07

1986

Cold Creek

2.54

0.43
0.30

0.25

<0.01

0.16

0.21

0.38

0.08

0.11

0.16

0.62

Total

2.60

0.76

0.45

0.41

0.27

0.17

0.28

0.39

0.24

0.20

1.05

0.69

Lenoyjie

0.14
0.10
0.16

0.00

0.07

0.26

0.20

0.09

0.10

0.20

0.28

N/A

1987

Cold Creek

2.51

0.54

' 0.49

1.10

0.61

1.58

1.60

0.12

1.05

0.16

0.03

N/A

Tot d 1

2.6b

0.64

0.6b

1. 10

0.68

1.84

1.80

0.21

1.15

0.36

0.31

N/A

O

CD

cn
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APPENDIX XXV
EXPLANATION OF WHY THE MERCURY LOCATED IN THE COLD CREEK

SWAMP IS IN THE INORGANIC MERCURY SULFIDE FORM
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APPENDIX XXV

EXPLANATION OF WHY THE MERCURY LOCATED IN THE COLD CREEK
SWAMP IS IN THE INORGANIC MERCURY SULFIDE FORM

Stauffer Chemical Company started up a plant to produce
carbon tetrachloride at the LeMoyne site in 1964. This plant
is still in operation today. The following year, a
mercury-cell caustic-chlorine plant was started up at the
LeMoyne site. Wastewatec from both plants was discharged into
a natural stream which flows across the property from the
southwest to the northeast and then discharges into the Cold
Creek Swamp. Waters from the natural stream combine with
waters from Cold Creek, sisters Creek and other natural
drainage to recharge the swamp, which not only recharges the
groundwater. but also discharges to the Mobile River.

The discharge from the carbon tetrachloride plant
contained sulfides formed in the final stages of sulfur
purification. The chemical reaction equations for the process
are as follows:

1) 3C12 + CS2 ——» CC14 + S2C12

2) 2S
2
C12 + CS2 ——* CC14 * 3S2

The recovered sulfur is contaminated with a small amount of
S.C1.. which is then removed in a hot water wash process
producing the sulfide contaminated wastewater.

This wastewater stream was discharged into the natural
drainage creek upstream of the chlorine plant wastewater
discharge. When the mercury-laden chlorine plant wastewater
entered the stream, the mercury immediately reacted with the
sulfides. producing the insoluble mercury sulfide, which was
then carried into the Cold Creek Swamp prior to precipitation
onto the swamp bottom. This practice was changed somewhat in
1970 when the chlorine plant wastewater treatment system was
installed to react the mercury with sodium hydrosulfide and
settle/filter the mercury sulfide prior to discharge of the
wastewater into the natural creek.

2420G PG-361-740
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In 1974, all discharges to the natural creek were stopped,

and a plant-wide system, including effluent from the Cold Creek
plant, was installed to transport the effluent to the river
through a pipeline under provisions of an NPDES permit.

The mercury sulfide that settled on the swamp bottom is
essentially immobile due to the extremely low solubility of
mercury sulfide in water and the numerous dams between the
plant and the river (natural growth and beaver dams), which
tend to prevent washing of the swamp bottom as the result of
heavy rain runoff.

The gcound-water wells in the area were becoming
increasingly contaminated with chlorides from swamp
infiltration prior to 1974. Since that time, the chloride
concentrations have been dropping due to the plant effluent
(high in chlorides) being transported through a pipeline to the
river instead of being discharged into the swamp. If the
mercury had been in a soluble form, it too would have shown up.
in the plant water and monitoring wells. This has not been the
case.

2420G PG-361-740
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PLANT FACILITIES INFORMATION AND DRAWINGS

Detailed graphic depictions of eight plant facilities (in
pockets), the new carbon tetrachloride wastewater treatment
pond, and the LeMoyne acid plant WWT pond are included in this
appendix. The information contained in these drawings includes
a plan view of the facility, one or more cross sections.
facility dimensions, liner locations, and all closure aspects
such as depth and type of fill, landfill vent localities, and
liner coverage. Locations of adjacent monitoring wells are
shown in Figure 1-2 in Section 1.2 and Figures 4-2 and 4-3 in
Section 4.4 of this report.

As discussed in Section 4.4.2, the stratigraphy across the
site is fairly uniform. Therefore, the stratigraphy in the
vicinity of the plant facilities, which is of interest to a
depth of approximately 20 feet, the maximum depth of any of the
facilities, can be summarized as follows. As shown in
Table 4-1 in Section 4.4.2, a red or yellow to brown stiff clay
unit with a basal sandy clay section that pinches out locally,
is present from ground surface to approximately 8 to 22 feet
below ground surface. Sand and clay interbeds that grade
laterally into sand and the upper unit are present at depths of
from approximately 10 to 15 feet to approximately 11 to 74 feet.

The estimated quantities and kinds of wastes placed in
these facilities are summarized as follows:

1) Cold Creek North and South Landfills - The exact
quantity of wastes placed in these landfills is
unknown. The kinds of waste stored in the two Cold
Creek landfills include water treatment plant sludge,
used sandblast sand, generator coke, incinerator ash,
and filter aid waste.

2) LeMoyne Landfill - It is estimated that approximately
11.000 to 12,000 tons of brine mud. plant refuse, and
absorption oil were disposed of in this landfill.

2429G PG-361-740
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3) Old Chlorine Plant WWT Pond - Approximately 30,000

. pounds of mercury sulfide and miscellaneous fill were
placed in this pond.

4) Old Brine Mud Pond - Between 4600 and 5500 tons of
brine mud were stored in the Old Brine Mud Pond.

5) Old Carbon Tetrachloride Plant WWT Pond - It is f

estimated that approximately 1900 cubic yards of
sulfur sludge were disposed of in this pond.

6) Old Carbon Disulfide/Carbon Tetrachloride Plant WWT
Pond - An estimated 2000 to 3000 cubic yards of
sulfur sludge from operation of the carbon disulfide
and carbon tetrachloride processes were stored here.

7) New Carbon Tetrachloride WWT Pond - Approximately 300
cubic yards of sulfur sludge from operation of the
carbon tetrachloride process are stored in this pond.

8) LeMoyne Acid Plant WWT Pond - Approximately 100 tons
of iron sludge from the acid plant are stored in this
pond.

2429G PG-361-740



LE CREEK EFFLUENT Pipe

CCI4 PiKCMCK.

_ - -
ine tun. 25.85' — ~ — —— — — — — ___ _. _ __ -4T[L\"."1"1~ "l~_~_~_rj" I ~ ~\ ~ ~ I

_Ln IT v - - - - - - - - - - -

2. *
K TtiC UiNG<

STAUFFER CHEMICAL CO.
Lemoyne Plant Axis, Ala.

1 -----

D'wn.By t\l'')\

D^e

Cc-> o L.
/////?/77

D'WX No.

App'd. By

Da ic

V.'rt-iOiJcx

s,,, ,

l .:



V I E W FPOni RIVER.

EtEV

Ftcv. 2/.6C/

THROUGH THE 6O

r-O
!O
-j-
CD
CZ)

CD

Jl.l-l ILL ELEV. 3o.o

LINER.

Euv. 22.5' ^— R B<O M O Dorrom

V IEW F»Re POJJD TMf?oucTH THE 60"

x- 30.67

STAUFFER CHEMICAL CO.
Lemoync Plant Axis, Ala.

CS J FILL

D'«n.Br

D'w/;. No.

App'd.

Date

K'crlc Or-lfT File No



•70 0" -

70' 0"

t

PLAN
VIEW

SLOPE • 2.5 TO 1

TOP LINER

LEAK DETECTION

30 MIL
POLYESTER-REINFORCED
HYPALON
POLYETHYLENE SHEETS
6" PVC PIPE

NOTE DRAWING
ASSEMBLED FROM
PROJECT FILE
AND FIELD
MEASUREMENTS

CONSTRUCTED. JUNE, 1977
CAP 16",OCO G L

D a t < Description

A Akzo Chemie America
LeMoyne Plant, Axis, Alabama

SULFURIC ACID PLANT EFFLUENT
POND-4EP501 ;

Dwg. No.
4EP501 0

| Drwn by
! 0. FLRCK

'• Date

! 1/21/88

|! Scale j

!i r-20 :



3 10 00455

APPENDIX XXVII
GRAPHIC AND DESCRIPTIVE WELL LOGS
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Cold Creek P lan t , Buck, Alabama
Exploratory Boring

_ K .CCKD l i Y W P S t i l s o n ! > 1 < l ] , J , ! - : i ) i|.y Holland Drill ing D H I M HOl .K 0- 5 . , ...__r.:-:<;i)li 4/6/73 _ n i J l S M H I ) 4/6/73

K I . K V . 29.3 (Grade) T i . ' Y A I , D K I T I I 120* I < OATK'N 662 ' K n s t and 28' North of NW Corner of "Old" Property.,,
Boundary ( 2 H 1 on to newly acquired parcel)

Hi t : 5-V1 J -Ulade l ) r i i< j Bit Mud: None - PI, tin W i i L c r , but h.ul l:o use l ime .

r ̂ ^

*--r
O
CD

(™)

hO

!•'( • TM

\'\>.( n
0

0

3

20

70

74

76
80

95,

100
105
118
T.D.

;K
TO

3

3
20

70

74

76

80

95

t

100

105
118
120
120

'HI K 'I.
. I1.- " )

3

3
17

50

4

2

4

15

5

5
13
2

!;:•:'•( >
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Sand, fine to med., some humus mater ial, . roots
and plant material

As above
Sand, fine to med, clean, white to buff

Sand, fine to med, clean, white

Sand, med. to coarse, mostly white to buff,
contains about 5% colored pebbles (orthoclase
and chert)
Clay, med to dark gray, "Blue Clay"

Sand, fine to med., white to gray
Clay, med to dark gray, grades to olive-brown
then to It. bluish gray, contains a few wood
fragments

Sand, coarse to med

Sand, fine

SandA med to coarse
Clay, blue to bluish jjray

KKilAKK"

Approx log from mud

pit excavation.
Soft, easy digging.

Added 4-50# sacks

of lime.
Added 4-50# sacks
of lime.

\

Drilling a little

harder.

Added 4-50# sacks

of lime.

Took sample from bit
Clay contains grave]
from abow it up to
3/4"dia. . well-



oTAUI 'M' .K U I I - . H H . . A J , » ' ' - i t A m U M J J . J . J .Ut i Page i ot ^
LeMoyne Plant , A» Alabama Explora.-ry Boring

r:-.GUi;_ _4/9/73__FlNir.nKI) _4/9/73____I UJOED WjWPSti lsgn_._J>H.I I J - K D ' 'Y Holland Dril l ing JW1M- H O I K Q-6
Approx

K I . K V . 40._9(Grade)_T01rAI, DKPTII . _ . 136 '___ _J t CATIONjOO1 East of RR Track (Main Line) ; 175' South of_South__
Fence Line

nit: 5V" 3-Blade Drag Bit Mud: None - Plain Water , but had to use lime
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Silty clay, with some fine sand, olive to It.
tan to gray contains roots and some humus
material
Silty clay, with some fine sand, yellow to
yellow brown

As above
Silty clay, yellow to yellow to yellow brown
Clay, light gray to cream
Clay, silty with small amt. fine sand, mostly
gray but contains a few red streaks
Clay, with 10 to 20% silt and fine sand. It. gray
with a few small red streaks through interval
Sand, fine to med, clean, white, contains a few
small shell fragments
Sand, fine to med, clean, white, one streak of
yellow clay less than 0.5' thick at about 68'.
Becomes med to coarse below 75'.

Sand, med to fine, mostly white

Sand, med to coarse with 5 to 10% 1/8" to 1/4"
size. Increase in number of colored qrains (pink
orangish, and yellow-chert and orthoclase). Con-
tains a few wood c»-agments. White grades to buff
to tan. Becomes re conrse with depth.

HF.MAKKS

Approx log from mud
pit excavation.
moderate diqqinq

Drillihq a little
harder
Drillinq easier

Added 2-50# sacks of
lime

Added 4-50# sacks of
lime .



LeMoyne Plant , Axis, Alabama Exploratory Boring
1 :<:(;I";. _4/?/73._.._l?l!JI.S"Kl) _4/9 /73_____i u ;<JKD I^WPSLilson . JW ' 1J 'KI) "^Holland Drilling __™iU ' i (>l-y\.0-6._...._

Apprpx
K I . K V . 4p .9 (Grade ) T i . - ' i ' A F . DKPTIF .136 V _ _. J ' C/i'l 1CN300 ' East of RR Track (Main L ine) ; 175' South of South __

Bit: 5V 3-Blade Drag Bit
Pence Line

Mud: None - Plain Water , but had to use lime

!•'( < 'I'A(

!•'!:( ii
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;K
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]'.'-.' '\.'-'' •
:-'.:>V i i'rii(,j,(,r,Y

Sand, fine to med, clean, white tc

Sand, coarse to pea qravel 1/8" tc
Clay, yellow to yellow brown
Clay, light gray to light bluish q

~- -

H K M A U K "

Added 3-50# sacks
of lime

\
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Cold Creek Plant , ^ KS, Alabama

* Exploratory Boring
I ' . - c n i i 5/2/73 _J'M:'l"'''!>:i)___5/2/73___H f.'JKD Ww. p.Stilsoni.WI 1.1 ,XI) '•YHqlland Dri l l ing W i l l KOI ^ _Q-8_.

K I , K V . 3 2 . 8 ( G r a d e ) YI r i A | , HKi 'T I I 122' 1 < C A T t O N N q r t h of New Plant Const. (N. 902 .7 ' , W. 014.0 ' Planter id)
Bit : 4-V 3-Dlade Drag Bit Mud: None - Plain W a t e r , but had to add lime.
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1 I'l'IK J,('f5Y

Clay, some silty, red, gray, and brown, mostly
gray 6' to 12'
Clay, to silty clay, yellow brown streak
Clay, silty, mostly gray, silt content increases
with depth
Sand, fine, white to buff, contains some small
white shell fragments

Clay^, silty to sandy, buff to light jjr ay

Clay, light to med. gray with a few red streaks
Sandj med. to coarse, white to buff, shells as
above

Sand, coarse (approx. 1/8" size) white to buff.
5 to 10% colored grains
Sand, med. to coarse (just slightly finer than
above), white to buff

Sand, coarse, white to buff

Clay, color varies - dark gray to olive gray with
chocolate brown streaks
Clay, light cjra^_to light bluish gray
Clay, light gray *-o light bluish gray with a
few chocolate 1 n st reaks

KKMAHKS

Fairly hard drilling

"Soft" - drills
easily

\
1

"Active Sand "-caved
in on bit. Started
to lose water L added
6-50# sacks of lime.
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iV.i ' .Ui; 5/2/73 !• i ; ; r . ! 'KI) 5/2/73

Cold Creek P l an t , Bucks, Alabama
Exploratory Coring

J L W J K D W W . P . S t i l s o n _ _ l > l < I I -M1*!) "Y Holland Dril l ing J > U 1 1 J KOl <•: 0-8_

i : i , ! - : V . 3 2 . 8 ( G r a d e ) Y < Y A I , DF.iTII 122' K C A T I C M North of New Plant Const. (N. 902 .7 ', W. 014 . 01 Plant Grid
H i t : 4V' 3-Biad'e "Drag Bit Mud: None - Plain Water , but had to add lime.
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Sand, fine, white to buff
Sand, med. to coarse, buff

Sand, very coarse to pea qravel

Clay, bluish gray "Blue Clay"
In Blue Clay

------ — — --- - - - - - - - - - - ._ . .--...-.. -....__. _ — ..

HKKAHKS

"14' of chatter -
cuts extra good"

\
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Cold Creek Plant , » k, Alabama Explora y Boring

l- .vcni ; 5/14/73 | ' i ; : i : f .HKI)_5/14/73_ j i jCUKD hYW. P.S tilsori IW I I J . t f l ) "YHolland Drill ing _ J > K J I J H^ | r \_0-14

K I . K V . 29.8' (Grade1)'' Y A I , DKP'i ' l l 120' I ( C A T l O M A b o u t 180' North of East End of Wooden Bridge (N.922.7QJ.
E .1232 .04 ' , Plant G r i d )

Bit : 4h" 3-Blade Drag Bit Mud: None - Plain v/ater, but had to use lime
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Sand, clayey, organic material (humus-forest
debris, roots)

Clay, slightly silty, red to reddish brown
Clay, gray and yellow, with a few small streaks
of red

Sand, fine, white to buff sand with minor amounts
of buff to yellow and tan silt and clay,
contains a few small shell fragments

Sand, fine, buff to tan, shells as above
Sand, medium to fine, buff to tan
Sand, medium to coarse, buff to tan

Sand, coarse with some 1/8" plus material, buff
to tan, about 5% colored grains
Sand, same as above

Sand, fine to coarse (mostly medium), buff to
It. gray

Sand, fine to coarse (mostly coarse), buff to
tan, small amount of gravel about 76' to 79'
zone. Hit thin streak (less than 1/2 foot)
medium gray clay at about 79'.
3and, fine to coarse (mostly medium), buff to tan.
possible thin streak of reddish yellow clay

HKKAHKS

t

Added 1-50# sack
of lime
"Lively Sand"

Added 1-50# sack
of lime



J — ~ —

Cold Creek Plant, Bucks, Alabama ~ i . *Exploratory Boring
! •:•:<'; I IK 5/14/73 _IMiM' ' , l !KI) 5/14/73 l.UXKi:) HYW.P.st i lspn J ) H I ' J '•'•l~) '^Holland prilling J ) I < J M HOI \_Q^\A __.

i : i , l - ; V . 2 9 . 8 ' (Grade)'l1 ' ' ( A I DF.i'VM 120' I i - C A T I O N About 180' North of Eust End of Wooden Bridge ( N . 9 2 2 . 7 0 ' ,
— — - • • - - - - - - - - E .1232 .04 ' ,P lan t Grid)

CD

Bit: 4V 3-Blade Drag Bit

100

1LO

' L I -

100

110

115

116

J:.2_Q_

120

1

10
weir' __

Sand, coarse to very coarse, same as above^ _ _ _ "Chatter"
1 Clay,^yellow (maybe only ^' yellow clay then

blue-gray) __ _

4 Clay, .It. bluish gray to lt._ gray. "Blue Clay"
In Clay _ _ _ _ ____

Mud: None - Plain water , but had to use lime

I I'l'IK J i r.Y

^ fine J:o coarse (mostly coarse), buff to
tan, increase in colored gra in content to

about^ 5% _ _ ___

Sand, mostly coarse, same as above

KFI-IAKK."

Added 1-50# sack
of lime

"Chatter" - "cuts



M I X U J N i /73_ K J N 1 S I I K I ) .7/3_/73
(Grade)

K M : V . 27.9^__ TOTAL DKPTII 120
Bit: G" 3-blodc drag bit

Cold Creek Plr Bucks, Alabama
UH;GI-:U MY WPSti j f t .1 nu t r , i . l - :n nv Holland Well Co.

Explc ory Boring
DIULI, .iGl.li 0-21

J.(X: AT rON I3_as t_ s_ide of swamp -about 600* east of_treatment pond
Mud: Johnson's Revert

FOOTAGE

FROM

0

1

3

10

20

30

d- 40
0
-t-
.D
z>
13 50

0 1 i..

TO

1

3

10

20

30

40
(

50

60

THICK-
NESS

1

2

7

10

10

10

10

10

RECOV-
ERY LITIIOLOGY

Silty sand - slightly clayey, dark brown to yellow

brown roots & forest debris top % foot

Silty sand (hard clayey silt mixed with fine sand)

red to reddish brown

Silty clay-clayey silt, fairly soft, red brown and

yellow brown grades to gray with only streaks of

red with depth

Silty clay, fairly soft, light gray

Silty clay, about same as above but increase in silt

and decrease in clay content with depth - a couple

of small streaks of yellow-brown, silty clay

Clayey silt, somewhat sandy (fine sand) mostly It. gray

with only a few minor streaks of yellow-brown

Clayey silt, about same as above except for increase

in silt and amount of fine sand. A few streaks of

med. gray, clayey sand

Clayey silt, generally about same as above except

starting to pick up med. to coarse sand and a small
amount of gravel. more streaks of med. gray
r* 1 nwo\r c; nn<3

REMARKS

Added l-25# sack

Johnson's Revert

\



MX;UN 7/3/73 FINISHED _7/3/73
(Grade;)

i : i . E V . _27.9_|__
B i t : (>" 3-blode dray bi t

crceK i'Jant, Ducks, Alabama
LcxxED BY WPStiison DUJ r,r,i;i) BY Holland Well Co.

Exploratory Borimj
DRILL HOLE 0-21

TOTAL DEPTH 120_ LOCATION East side oF swninp j- about 600* east of t reatment pond
Mud: Johnson's Rever t

TOOT AGE
i ' K O M

60

70

80

100
LO
-O
-r
CD
CD

CD

"O

117

T.D.

TO

70

80

100

117

i

120

120

THICK-
NESS

10

10

20

17

3

RECOV-
ERY LITIIOLOGY

Clayey - silty sand, similar to above but grading

into a sand, few streaks of It. gray clay, and a

few wood fragments

Sand, mostly coarse with some pea gravel, a few streak

of gray clay which has traces of red, also streaks of

med. gray clayey sand. Streaks of sand grains with e

reddish-brown coating (iron oxide-hydroxide).

Sand, med. to very coarse with some pea gravel, buff

to light gray with 10% colored grains

Sand and gravel, sand is buff to tan to It. brown,

some streaks of sand with (iron oxide-hydroxide?)

coatings and streaks of sand grains cemented with

this material. Gravel - about 40 to 50% 1/8" to 3/8"

with about 20% of this portion colored grains, 5 to

10% of grains larger than 3/8"

Clay, s t i f f , light gray to It. bluish gray-"blue clay"

In blue clay.

REMARKS

5

i

"Chatter 105-110"



I-eMoyne Plr Axis, Alabnma Explc ory Boring
HKr.lJN J/J1_ FlNJSIIlin _7/7/73_ LOCICEI) BY WPStil ji OR [ LLKI) BY Holland Well Co._____ DRILL ..OLE 0-22

(Grade)
i:i,i:v. _28.0l__ TOTAL DEPTH __J.Q5^ LOCATION About_^5^ south cj^ River Road opposite west edge of industrial

waste heapBiL: 6" 3-blade drag bit Mud: Johnson^s Revert

TOOT AC, E

FROM TO
I'll 1C K-
NESS

RECOV-
ERY LI TI10 LOGY REMARKS

0 15 15 Silty sand, just slightly clayey, red to reddish brown Added l-25# sack

with streaks of med. brown; roots & forest debris Johnson's Revert

top 1/2 foot

15 20 Silty sand, slightly clayey, reddish brown with

streaks of cream and It. gray clay containing traces

of red

20 40 20 ilty sand, slightly clayey, mostly reddish brown,

contains streaks of med. gray silty sand. Hit

streak of red-orange-to-yellow clayey silt at 38'

to 39'. (More clay streaks in 30 to 40' than in 20'

to 30')

40

50

60

70

50

60

70

80

10 Silty sand, slightly clayey, about same as 30 to 40'.

Hit one or more additional streaks of the orange-yellc w

10. Sand, mostly med. with 2 to 3% pea gravel. Sand is

It. brown to reddish brown

10 Sand, fine to coarse, with 2 to 3% pea gravel. Sand is

tan to reddish brown.

10 Sand, med. to coarse, tan with about 5% orange and red-Some "chatter"

orange grains ( irot ide-hydroxide?) coatings & stair ing



\_* 1- t*

p Planl, Axis, Alnbnma Exploratory Borincj
M:I;UM 7/6/73.__ FIMI:;III:I) ._7/7/73__ L<v;r,i-:n HY wpstil_so_n DIUI.J.KD BY Holland Well Co.___ DRILL HOLE 0-22

(Grade)
i : l ' l : v - .28.0'_-__ TOTAL DHl'TH .105 !__ Lcx.'ATION About, ..J5j_soutli of River Road opposite west edge of industr ia l

waste heap
M i l : (>" 3-blade drag b i t Mud: Johnson's Revert

FOOTAGK
i ' U O M TO

THICK-
NESS

KI-JCOV-
ERY LITHOLOGY REMARKS

80

95

95 Sand, fine to med.. It. yellow-brown to tan

100 Clay, fairly soft, streaks of ye How-orange, cream, Went from sand to

It. and med. gray clay without hit-

100 105 Clay, stiffer, It. to med. gray and bluish gray ting gravel

"Blue Clay"

T.D.

o.
r̂
^ .
CD

CD

105 In Blue Clay



LoMoyne Plar Axis, Alabama
^P/73 F l N I S I I I i l ) _7/10/73. Lcx;<; i ; i ) HY . W P S t i l _ _ n DRILLKI) BY Holland Well Co.

\ G r a d e )

Explc ory Borinq
DRILL ..OLE 0-23

C f . K V . _9..5L
I___._ TOTAL niU'TII 001, L<x:AT[ON .Adjacent to cast side of industrial waste heap about 250'

north of Hivcr Road
Bi t : 6" 3-blade drag bit Mud: Johnson's Revert

TOUT AGE

TROM

0

10

20

35

40

50

CO 60
oo
T
O
O

CD

TO

10

20

35

40

50

60

'

76

'̂  76 80
1 T.D 80

TI1LCK-
NESS

10

10

15

5

10

10

16

4

RECOV-
ERY LIT! 10 LOGY

Silty sand, slightly clayey, It. tan, reddish brown,

and It. to med . gray, dark brown; roots and forest

debris top *j to 1 foot

Silty sand, slightly clayey, reddish-brown to yellow-

brown

Sand, fine to coarse, tan to It. brown

Sand and clay, gradational contact

Clay, sandy and silty; soft, It. grayish brown, some

It. gray clay with traces of red, and some yellow-

brown color

Sand and gravel (med to coarse sand with gravel) ,

strong orange-brown coloration from both coatings

on grains and intermixed orange silty clay

Sandy clay and silty clay, fairly soft, contains

streaks of sand, some of which contain thin seams of

cemented grains. Cementing agent is red to yellow-

brown (iron oxide-hydroxide). Clay gets stiffer with

depth
Clay, stiff, bluish ' "Blue Clay"
In Blue Clav

REMARKS

Added l-25# sack

of Johnson's Rever

Some "chatter"

l



LcMoyne P lan t , Axis, Alabama
1/73 F l M i : ; i l i ; U .Z/U/13 I.<XH;F.n UY WPStilsqn M U I , J.F.I) BY , .Holland^^ell_jCp_.

(Grade )

Exploratory Borinq
D R I L L HOLE Oj^24

KI .F .V. .__9..!V_. . . TOTAL DF.PTII _63 ' '__ L(X:ATK>N About 100' south and 150' west of southwest corner of barge
slip at Rj ver

H i t : (>" 3-blade drag bi t Mud: Johnson's Revert

FOOTAGE
FROM

0

8

13

18

22

35

J\
0 40
T-
Z3
ID

Z) —————

TO

8

13

18

22

35

40 '

50

O

rilLCK-
Nl-l.Si;

8

5

5

4

13

5

10

m-'.cov-
F.RY J.miOLOGY

Clay, silty and sandy clay mostly gray with red

streaks, dark brown to tan sandy silty with roots

and forest debris top 1/2 to 1 foot

Silty clay with small amt. fine sand, mostly gray

with some yellow and yellow brown

Silty clay, fairly stiff, slight amount of fine sand,

It. gray

Silty clay, soft, sand content increases with depth,

1 1 . g r ay

Sand, fine to very coarse (mostly med. to coarse).

buff to It. brown with yellow brown silt and grain

coatings

Clay? 5' interval of soft clay intermixed with fine

sand. It. brown to med. gray

Sand, med. to coarse with about 5% pea gravel, buff

to white with minor streaks of gray - about 5%

colored grains

REMARKS

Added l-25# sack

of Johnson's Rever

1

Looks like a fairly

clean sand



Explo ory Boring
DRILL i.ULE 0=24

I/j-Moync PJ nn Axis, Alabama
H E G U N 1/73 FIN [SUED _7/l l /73_ I.OGGED MY .WPStijV .1 DRILLED I3Y Holland Well Co._____ ___

(Grade)
E I . K V . .9..9J___ TOTAL DEPTH _G3_'_ LOCATION ^toout._log_'__soutli_.and 150' west of southwest corner of barge

slip at River
H i t : 6" 3-blade drag bit Mud: Johnson's Revert

FOOTAGE

['ROM

50

59

60

T.D.

,—~ i
L\
rf
L_J
n

CD
<r-

ro

TO

59

60

63

63

1

THICK-
NESS

9

1

3

RECOV-
ERY LITIIOLOGY

Sand, fine to coarse (mostly med. to coarse), gets

more coarse with depth, buff to It. gray, about

5% colored grains

Clay, silty, soft, yellow-brown and It. and med. gray

Clay, stiff, It. gray to It. bluish gray, "Blue Clay"

In "Blue Clay"

•

REMARKS

Locked-up" bit at

55'



K E G U M 3/9/81 FINISHED 3/10/81 LOGGED DY W.P.StilsonDRILLED BY Holland Well Company DRILL HOLE 0-59
GRADE
I -LEV. v, j TOTAL DEPTH , 123 LOCATION Stauffer Grid CoordinaLes S. 1261.5 E. 2563.5_________
Bits: tt 1/2 " Drag Bit 0 to 6'

b" Drag Bit 6' to T .D. Mud: Johnsons Revert
FOOTAGE

FROM

0

4

10

20

40

51

60

67

63

71

30

•-̂  ———

<^90
CD

CD

^100

TO

4

10

20

40

51

60

67

68

71

80

90
'

100

'7 __

THICK-
NESS

4

6

10

20

11

9

7

1

3

9

10

10

17
i

LITHOLOGY

Clay, silty to sandy, fairly stiff, red-brown, and some yellow-brown

Sand, fine, buff to tan, mixed with minor silty clay

Sand, fine to medium (mostly fine), white to buff

Clay, silty to sandy, buff to tan with streaks of soft It. gray clay

Clay, silty to sandy, soft to moderately stiff, white to It. gray

intermixed with' streaks of It. gray clay

Sand, medium to coarse, traces of gravel, white to It. gray

Sand, medium to coarse, buff to white

Sand, medium to coarse, minor gravel, color change - red-brown to orange-

brown, staining on sand and gravel

Clay, moderately stiff, It. gray, traces of orange Staining * wood fragment

Sand, medium to coarse, It. gray to tan

Sand, medium to coarse, (mostly coarse) buff to tan, It. yellow-brown

staining on - 5% of grains

Sand, medium to coarse, with minor fine, buff to tan, It. gray and cream,

clay streaks, probable 95-100', traces of wood fragments, staining on

~ 5% of grains

Sand, fine to medium, mostly fi ' -'f f to tan, hit hard streak just

REMARKS

"Drilled soft"

"Light chatter 55-60"

Taking fluid

Taking fluid

"Lively sand"
Takinn fluid

Taking fluid

Taking fluid

H 1 - 1 , 1 M



LeMoyne Plan' Axis, Alabama "EJ _2_OF__?
"01 FINISHED 3/IO/m LOGGED BYW.P.St* onDRILLED BY Holland Well Company DRILL LE~ n 59BEGUN _

GRADE
1;LEV- 35.3 TOTAL DEPTH 123 LOCATION Stauffer Grid Coordinates S.
Dits: a 1/2 " Drag Bit 0 to 6'

6" Drag Bit 6' to T . D . Mud: Johnsons Revert

1261.5 E. 2563.5

FOOTAGE

FROM TO
THICK-

NESS LITHOLOGY REMARKS

117

120

120

123

Clav. st i f f . It. gray to It. bluish gray

Clay, st i f f , bluish gray

T . D .

O!
CT\
--T
O
o
CD

123 in stiff bluish clay



riant, Axis, AiaDama
LOGGED BYW.P.StilsonDRILLED BY Hcllanc Well Company DRILL HOLE 0-62BEGUN 3/11/81 FINISHED 3/12/81 __ _______

GRADE
L'LEV. 33 TOTAL DEPTH 120 LOCATION Stauffer Grid Coordinates_S. 1790.0 E. 2479.5
Bits: 81/2" Drag Bit 0( to 61

6" Drag Bit 6' to T.D. Mud: Johnsons Revert
FOOTAGE

FROM

0

5

10

15

20

40

47

49

60

80

95

100
K~>
rr\ ———
i- t-

^ 114
CD

115
CD
T- 116

K> T.D.

TO

5

10

15

20

40

47

49

60

80

95

100

1H

115

116

120

0

THICK-
NESS

5

5

5

5

20

7

2

11

20

15

5

14

1

1

4

LITHOLOGY

Clay, silty to sandy, hard, (top 2 to 3' was compacted fill-similar material)

Sand, silty to clayey (fine to medium sand) It. yellow-brown

Sand, fine to medium, white to buff

Sand, coarse and some gravel to + 1/4"

Clay, silty, moderate to soft, It. gray and tan, some medium gray with

inter-bedded streaks of fine sand

Clay, moderately stiff. It qray to almost white

Sand, medium to coarse, buff to white

Clav, moderate to soft. It. arav to buff, thin sandy streaks probable

Sand, fine to coarse, (mostly medium) buff to white

Sand, fine to med. (some coarse), buff to white, possible clay streaks

Sand, fine, white to buff, with 1' to 2' thick clay streak (It. gray)

Sand, med. to very coarse, minor gravel, moderate to heavy staining on

more than 5% of grains (rust to brown)

Sand, coarse, cemented (?) "sandrock" - drilled very hard, heavy staining + 5/,'

Silt to silty clay, orange, (less than 1' thick)

Clay, stiff, It. bluish gray

In stiff bluish clay

REMARKS



I3KGUN _ ,/8l FINISHED
GRADE
ELEV. 24' TOTAL DEPTH 119'

LeMoyne Plan f Axis, Alabama
8/25/81 LOGGED DYW.P.Sti jnDRlLLED BY Holland Well Company DRILL

-
0-68

LOCATION Stauffer Grid Coordinates S. 1028.18 E. 1546.41
Bits: 01/2" Drag Bit 0 to 6'

6" Drag Bit 6' to T.D. Mud: Johnsons Revert
FOOTAGE

FROM

0

6

7

10

. 20

24

.10

42

,
•<:}-
^ 50
-r
O
CJ "' '•'

60
ro

TO

6

7

10

20

24

30

4?

50

60

70

THICK-
NESS

6

1

1

10

4

6

1?

8

10

10

LITHOLOGY

Clay, to sandv clay, firm, fill material contains old navinn (clam) shells

and debris

Silt to clayey silt, black organic material, roots, etc. (top of depressed

surface of pre-filled swamp in this area)

Sand, siltv to clayey, fine peaty (organic rich), fairlv soft, tan to

It. vej low-brown and qrav with streaks of black decayed swamp vegetation

Sand. fine, siltv to slightly clayey. It. to medium gray

Sand, as above with sand content increasing, It. to medium gray

Sand, fine silty with trace of clay, yellow-brown

Sand,. fine to medium (mostly fine) sliahtly siltv. It. vellow-brown to tan.

thin streaks of It. gray clay

Sand, medium to coarse, with 102! gravel + 1/8" to + 1/4", tan, light orange-

brown (iron) staining on some of gravel, minor clay streak possible

Sand, medium to coarse, with minor gravel, tan to gray, traces of staining

(iron) on grains, minor streaks of buff, tan, and It. gray clays,

traces of dark gray to black silt or clayey silt

Sand, medium to coarse, minor amount fine, with trace of nravel , tan to

It. gray, thin clay streaks ble, traces of staining

REMARKS

"Drilled fairly firm"

"Fairly soft"

"Drilled somewhat soft"

"Drilled slightly
softer than above,
but had a light
chatter"

Taking fluid

Taking fluid
"Light f *ter"



i ir .GUN B/25/81 FINISHED 0/25/81 LOGGED BYW .P.StilsonDRILLED BY Holland Well Company DRILL HOLE
f JRADE
I 'J 'SV. 24 TOTAL DEPTH 119 LOCATION Stauffer Grid Coordinates S. 1028.18 E.1546.41____
nits: 0 1/2" Drag Bit 0 to f,"

6" Drag Bit 6' to T.D. Mud; Johnsons Revert
FOOTAGE

1ROM

70

79

nn
qn
100

117

113

T.D.

'~}
*\
r

J

_T

;•)

0

TO

79

80

qn
inn
117

11R

119

119

1

THICK-
NESS

9

1

in
in
17

i

l

i

LITHOLOGY

Sand, medium to very coarse, 3 to 5% gravel +1/4", minor amt. +1/2", It. to

medium gray, thin streaks of It. gray clay possible

Clay, fairlv firm. It. arav - almost white (about 1-1/2' to 2' thick)

Sand, finp to rnar«;p (mn<;f:ly rnar^p) trarp nf gravel, tap t° It* grayish tan

Sand, fine to coarse (mostly coarse), minor gravel, It. gray

Sand, very coarse to gravel, 50% +1/8", about 30% +1/4"

^.anrl, mprlitim tn rnarcp, partially rpnipntpH, thin "<;flnHrnrk" gray to It. hrnwn

red-brown Hrnnl staining sliaht color qhanae in drillina fluid

Clav. stiff. It. bluish arav

In "blue clay"
•

REMARKS

Taking fluid
"Light chatter"

Taking fluid
"f.haf-.t.pr"
Taking fluid
"Chatter"
Taking fluid
"Heavy chatter"

Mud pit almost, pmptv



BEGUN
GRADE
L'LEV.
Bits:

LeMoyne Plar Axis, Alabama ge 1 of 2
FINISHED 8/28/81 LOGGED BYW.P.St* ^onDRILLED BY Holland Well Company DRILL ^LE Cp7l)

28.7 TOTAL DEPTH 118 LOCATION Stauffer Grid Coordinates S. 125S-32

Mud: Johnsons Revert

E 1662.19
0 1/2" Drag Bit 0 to 7'
6" Drag Bit 7' to T.D.

FOOTAGE

FROM

0

0.5

20

30

40

50

55

60

78

81

vO
7X ——————

-̂  90
ID

Z3
— 100
-o

TO

0.5

20

30

40

50

55

60

78

81

90

100

110

THICK-
NESS

0.5

19.5

10

10

10

5

5

18

3

9

10

10

LITHOLOGY

Topsoil

Clay, to silty clay, trace of fine sand, firm, It. gray with minor yellow-brn

Clay, to silty clay, minor fine sand, moderately firm, medium to dark gray

Silt, clayey, with fine sand, moderate to soft, It. to medium gray possible

sand streak at 38'

Sandy silt - silty sand, fine, clayey, soft, It. and medium gray, traces of

yellow-brown, minor It. brown sand

Sand, silty to clayey sand grades to sand, It. gray

Sand, fine to coarse, traces of gravel, It. gray to buff

Sand, fine to coarse, traces of gravel, buff to tan, clay streaks at 62'

possible at 68', other thin streaks possible (It; and medium gray)

Clay, moderate to soft, It. gray to white

Sand, medium to coarse, some fine, tan to It. gray, staining (Iron) on

3 to 5% of grains

Sand, fine to coarse with minor gravel -' 5% +1/4", tan to It. gray, inter-

bedded streaks of soft It. and medium gray clay probable.

Sand, very coarse and qravel, about 20% +1/4" and 3% +1/2", buff to gray,

stainina (iron) on 1 to 32 nj in<;

REMARKS

"Light chatter"
Takinci fluid



j.cuiu, /IXJ.S, /u a/Jama <: ui
BEGUN 8/28/81 FINISHED C/28/81 LOGGED BYW.P .StilsonDRILLED BY Holland Well Company DRILL HOLE" 0-70
GRADE
LLEV. 28.7 TOTAL DEPTH 118 LOCATION Stauffer Grid Coordinates S. 1259.32 E. 1662.19 _____
Bits: 01/2" Drag Bit 0 to T

6" Drag Bit 7' to T.D. Mud: Johnsons Revert
FOOTAGE

FROM TO
THICK-

NESS LITHOLOGY REMARKS

110 116 Sand and gravel as above, but about 5% +1/2". and staining on 3 to 5%

of grains.

116 117 Clay. si1ty» stiff, yellow to yellow-orange, much less than 1' thick,

very thin "sand rock" on top

117 lift . \/prv ^Hff-_h1ui«:h arav

JJL

CD
CD

CD

r-o

118 In stiff blue clav
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1 ( 'Oi

FRC!i-l

')

V

10

Z^

25

i ;

•\ ->

Eo

60

~'o

74

60 !

T1

A

T

v.D

o ^3

0 loo

ro no

» T -^

TsC'ii

TO

-

'0

t.^

- tr

?>'J

<\ )

^0

'^J

','•>

71

0o

T3

loo

I 10

IZ.-2-

i r

THICK-
MESS

i_T

n

i (>
r

:-

; ;

10

!0

I - *

1

<o
1

11

7

(o

12.
-7 r

.-"'•

'

I.ITHOLCX5Y

<<;'. L. t ,..« ••? . \ , i -\ •, • . . - , . / • ! • ! . » : . • . • «O*

sT'l1-.^1 c • • . - • • / • " - • • 1'ini" I - - . ' • ( / • , ' ^ $ r
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cii -i 3 71, i miMim 3/25/75
COM) CHITK I'lAN "MICKS, ALABAMA ™GE 1 of f'

-":'1 ;;v W.IJ.SM1V MI- i u.r.n HY Ho 11 and Well Co _._
Exp)or B H
i ) R j r , i , ..ulr: 02

I : " v -Approx 35' TOTAL M:PTH .610.'__ J.cx-ATiuri N,B99.G7__ , E.315.01 Plant Grid_ ____ _ _ _ _ _ ___
Grade

Hit 6" 3-Blade Drag Bit Mud: Carious Mi-fiel Den ton He
i •'< n ;

0
(

! 10

.. J6.^

17

28

33

34

i

40

r";. 50

; . "S

0 57
CD

64
CD
^T-~

l̂ O

• / v'. • i ;

i < »

10

16

17

28

33

34

40

50

57

64

70

riiirK-
f;i::;s

10

6

1

11

5

1

6

10

l

7

7

6

rccov-
i;i'Y I.M1'.' ' I .CX IY

Clay, s i l ty, fairly st i f f , j^ellow with streaks of light gray, and

minor streaks of red.

Clay, fairly stiff, light gray, with minor streaks of red.

"Sand rock/' 6" to 8" thick streak of linioniticf?) cemented sand.

Clay, slightly soft, medium to dark gray.

Sand, fine,, liqht qray to white.

Sand, fine to medium, reddish brown.

Sand, medium, buff to light tan, contains iron stained grains.

Sand, medium to coarse, buff to white.

Sand, coarse.

Sand, coarse, and small gravel.

Clay, slightly st i f f , light gray.

RliHAPKS

"drilled hard"

Added 3-50# sacks Hi -Gel

Bentonite.

Formation taking fluid,

Added 6-500 sacks Hi -Gel

Bentonite.



i - ' - . f M J N .3/20/75 rim<:in:n 3/25/75 L<xv,i;n MY W.P.St i lson |."!LM.i> HY Holland Well Co. Dft ILL MOLE 0-28
1:1 • '••v.Apprux 35: TOTAL i>i:i'Tii e>l(

Grade
Bit 6" 3-Blade Drag Bit

i-'i M 1

70

77

ao
94

100

113

'_ 118

123 ,

T - -130
CD

"M60
CD
°170

CD

[NO

TO

i

-77——

80

94

100

113

122

_1Z3 _

130

160

170

190

-— -

I'll ICK-

2

3

14

6

13

9

5

t

30

10

20

..... - . _..

m:c')V-
r.i.-Y

- - - - - • •

r KXJAT.IOM N. 899. 67', E. 315.0' Plant Grid

Mud: Car loss Hi -Gel Rcntonitc;

Li' i ' i . f j i / i f .Y

Clay^, sandy, si iqhtly^ itiff, light grayt

Cla^ ̂ moderately st i f f , medium to dark gray, contains wood

fragments.

Clay, moderately stif f , light to medium gray to slight bluish gray.

Sand, medium to coarse, and gravel.

Sand, coarse; and gravel.

Clay, very s t i f f , bluish gray.

Note: Drilling of 6" hole was stopped. Redrilled hole with

11-7/8" bit to depth of 123 feet. Ran in 123' -2V of 6"

steel pipe and pressure cemented in hole. Started drilling

5'2" hole inside 6" pipe.

Drilled out cement.

Clay, slightly silty., stiff, bluish green.

Clay

Clay, silty to sandy, moderately stiff, possible sand streaks.

Clay, sandy, soft, (interbedded sand streaks).

RF.M/MMxS



75 r i m : I I I : D .3/25/Z5._
V . W I . I / V . IM . I l\ I I ( M i l IMH, l \v>, Ml-MUMI IM

J!p11_and_Wc[l.Co._
Lxplor- ~v Boring
PRl I,J i].K 0-28

' ' ' -V-Approx. .35L TJX I -A I , UKI-TII _61Q.'_ i- 'x:/vrion N,899.67', E.315.0' IM«i"t Grid
Grade

Bit 6" 3-Blade Drag OH Mud: Carloss Hi-Gel Bontonite
i '• a. :

• ;•."•"• i

190

200

210

220

236

210

250

266

270

280

290

//;!••

'! ' 1

I
200

210

220

236

240

250

266

270

280

290

296

;
nncK-
ni::;.'i

i

10

10

10

16

4

10

16

4

'10

10 _

6

riic'jv-
KPY

•

l,l'l"-f 'l.'if'.Y

Clay.

Clay, silty to sandy, soft.

Sand, mostly fine sand, with minor clay streaks, (clay could be

from up-hole).

Sand, mixed with clay

,

Clay, stiff, medium qray and greenish gray.

Clay, slightly sandy, stiff, bluish green.

Clay, slightly sandy, stiff, bluish gray, (grades to medium to

dark gray, soft, sandy clay).

Sand, sand streaks in a stiff clay.

Sand streaks interbedded in a light bluish gray stiff clay, (minor

gravel noted that could be from the 266-270" interval - circulated

10 minutes).

Clay, stiff.

Clay^ stiff^ bluish green.

nr;MARKs

"Drilled soft." "Slight

chatter just before

236 feet."

"Some chatter."



COM) Cm IK MANI, (MICKS, ALABAMA PAGE 4 of 6 Fxnlnralnrv Bnrimi
' • • ' ' • I * ' ' ' 3/ iM)/75__ I mi:;nn> .3/25/75 _ )^:c.i-:i. MY M.P.St i lsor i i>". i i,i.i:n HY .Holland .He1_1_Cq.. ___ .__ DI'UI.L iioi.K _o-2fl_

1 : 1 ' '''-Appro* 35! . TOTAI, m-:rni
Gra de

Bit 6" 3-Blri(le Drag Bit
I 'i M . j

, , •" "" t

MX.'ATIOM N. 099. 67' . t. 315.0' Plant .Gnd_

Mud: Carloss Hi-Gel Ben tori He

296

300

310

330

350

370

300
—— O

L.O

— — CD

390
CD

• 1 •/ \

' ( • ' )
1

300

310

320

330

350

360

370

380

390

420

...

I'll ICK
in::;s

4

10

10

10

20

10

10

10
l

10

30

|.'i;c'.)V-
i:i'Y

-- - •

I,1T'.' il.or'.Y

Sand(?) or streaks of fine sand in soft clay.

Clay^, s t i f f , bluish jjreenj (hit log at 305' - some wood fragments

and also some brown-black silty c lay) .

Clay, s t i f f , blue-green and medium gray.

Clay, stiff, as above but with some olive green.

•

Clay, soft.

Clay, soft, bluish green, lijht to medium gray sandy clay, and

brown-black silty clay, also minor wood fragments.

Clay, soft, bluish green, more green and less of the brown-black

than above.

Clay, very stiff, mostly green and gray green, with minor amount

soft, brown, silty to sandy clay.

Clay, st i f f , light to medium gray, and green tones (almost no

sand at al l ) .

Clay, st i f f , mostly light gray to greenish gray (almost no sand

at all).

• • - - -• - - - . . . . . . . . . . . . ._.... .._..

REMWKS

"Drilled soft."

"Hard drilling."

"Some chatter at

320-323 feet." (?)

"Hard drilling."

- — —— — - ———



COLD ClttlK PLANr 'HICKS, ALABAMA PA^t 5 of 6 Borin
";iri 3, 75_ . MHi.':ni:n 3/25/75__ L-xv.r.P MY W.I\StiH i > - 1 I,LI:I> iw .Holland. Well;..Cqi_____ Dft ILL .,)l,n ^_2

•'" v-Apprux 35' TOTAL UKI-TII .61QL_ 1-ot'ATioN N.^899.67!, t. 315.0' Plant. Grid . . .__.___ _ _ _ _ _ _ _ _ ___
Grade

Bit 6" 3-Blade Drag Bit Mud: Carloss Hi-Gel Bentonite
;•( ii •

•' '•''.'.•'." '

420
'

i
430

440

450

. 460

1
1

470

i

490

500 ^r
^-.^

ir
—— cz:

510 C

C

Nl

/Y ; ! .

' I ' J

430

440

450

460

470

490

500

• 510
>
>
)

' 520
•

I'l l lCK-
f;i;:;s

10

10

10

10

10

20

10

10

10

i:i:C')V-
r.py

.
,

I.I r.nr,<x;Y

Clay, s t i f f , but just slightly softer than last 30 feet; also,

slightly more silty than last 40 feet.

Clay, slightly silty with traces of sand, sand content increasing

with depth, stiff, mostly light gray to greenish gray.

Clay, about same as above, but sand content increasing.

Clay, with streaks of medium sand.

Clay, with streaks of medium to fine sand.

.

Clay, medium gray sandy clay, light gray stiff clay, softer cream-

colored clay with fine sand, green clay with medium sand, and

olive green clay.

Clay, about same as above (470-490), but starting to jet more

stiff blue-green clay again.

Clay, about same as 490-500, but with slight increase in amount

of fine sand.

Clay,i about samejncrease in amount of fine sand.

REMARKS

"Chatter 450-460 feet."

"Chatter 460-466 feet,

soft 466-470 feet."

"Light chatter." (?)

Washed sample does show

some sand.

"Some chatter."



3/?P/_75__ J ' '••i I - ' !• 'I' 3/25/75. _
I : i • • v - A y p r o x . 35! . TOTAl. l;i:i'i'!l .610__'__

Grade
Hit 6" 3-B1ade Drag Bit

i '

' ' ' ' ' i I'll ICK- ; i:i:c'.;V-

11 " PAbt o 01 o

Holland Well Co.

N..899._671, E, 315.0' Plan t Grid

COLD CKLLK PLANT, BUCKS, ALABAMA
J,r,r<;,;n : v W . P . S t i l s n i > ' i i , ' , ! i > l , v Exploratory Boring

D R I L L liOLC 0-28

Mud: Carloss Hi-Gel Bentonite

520

550

56_0_

57_0_

580 _

600̂

T.D.

550 30

560 10

570 10

580 10

•-L >

_CD
U")

_CD
CD

— CD

600

610

610

•

.... ._..

20

10

1

L I >! f> ,Y

_C1 ay _,_ medium gray to a _lbluish gray st i f f clay, some olive green

clay, mi no r amount of so ft c ream c 1 ay_cpn taining fine sand. _

to black soft clay. Definite increase in fine sand content.

Sand, fine to medium, mixed with soft clay streaks.

S a n d . n i e d u m t coarse

medium to coarse.

Sand, medium to coarse.

In sand, but probably jiear the J>ottoin of the sand.

Notes_.Lj U. Installed 10' section of 4" diameter. 0.010" slot

___ ____ bejow grQii!)d_surface (approx.^LJI'L _ Came put of
hole with 582 feet of 41?' 6.D. x 0\237" wall,

__ . ______ 1 1_1 b/f t Lt_ ASTM A- 120 threaded Bipe..__ _
(2) Checked well on 3/28/75. Well will flow at rate

— ---ef- about— 17 5-GPM {ineasui°ed drop
as per Water Well Handbook). Shu
surface is -tfbout 15 psi .--- - • - — -

Dine olive green

] fine sand.

, also dark brown

sand content.

ks.

d.

r. 0.010" slot
3 to 590 feet
. Came out of
237" wall,

flow at rate
.open Qiscnurgc

in pressure at

- — - - - . - - - -

REM/^PKS

"Chatter 566-570 feet

"Good chatter."

"Good chatter."

"Got somewhat soft, did

not cut as good as

above."

- . . - - _ _ _ „ — —————



. . . . . . . . . . . . - , • - - . - - ' i' cKJt! J. 01. -»

Cold Creek P l a n t , ^ -ks, Alabama Explor, ry Horing
J/3/ /J i ' i ; ; i ; ; i ! K I ) b/7/73 Jor .OKD HYw.P .S l . i J r .qn n i « I J . J . K I ) HY_Hol land D r i l l i n g J)H]1.J H01.R_jD_-9 . . . . .

33™Grade. . ' i ' ' . ' j A I , UKPTI I _ 461 ' _ _ J OCAT10N_iq' . N o r t h of P a i n t Shop (S . 002 .71' , _E. 577 . 72 ' PlanLGr ic )
; 41/1 3- l ' -Jade Drag Bit Mud: I.ime and Bentonite Used Wlien Kcaming First 120' of Hole to 11 7/8"DJf

0

3
21

30

40

60

70

80

O

100

112

118

3
21
30

40

55
60

70

80

100

112

118

121.5

3

18

9

10

15
5

10.

10

20

12

3.5

I JTII(/h(,r,y

s^1d.f .5llayeY.» .red/_. (filll . _ . . _ . _ . „._.___.___
Clay, slightly silty, yellow _ __ ____
Sand, med. to. fine, buff to white, cont.ain_s__a

few small white shell fragments _
Sand, fine, same as above

Sjmd, med., same as above, ._. _
Sandc coarse, grades to gravel,_ buf f ^to white
Sand,_coarse .to. med., buff to white.,, _about 10%

pea gravel___ ___..._._„_.______.________ ._ _.
Sand, coarse to med., buff to white, about 20%

pea grayel, increase in colored graj.n content
^o abp^_10%. Hit one or more th_in_s_treaks__qf

gray clay _ __......_..... ___.„._____
?.?H<l!....fA???!-to coarse, buff to white. Looks like

a "red sand" but grains are 80% white, bu f f ,
It. gray, and colorless with 20% colored grains

Sand, med. to coarse, red coloration decreases
with depth, 5 to..10% pea gravel, contains a few
small shel 1 fragments _ ____ _ ___ ______

Sand, very coarse, grades to pea gravel_________

Gravel, 3/8" to 1 ""

RKKAHKS

Added__l-5p# .sack
of lime

Driller could not
"feel" the clay

Red color at io_n comes
from streaks_ of red
silt_or red silty
clay

Added 2-50# sacks of

lime "chatter"
"Chatter" Tok^

^ rtmnl r> \



Cold Crc.-ck I ' l nn t , lu ickn , Explora tory Hor inr j
i i l i ; . S /V/J Ki: ; i ." . ! 'KI) .5/7/73 .1 OWJKD BYw. p.si i 1 sonJ1'' I l . J - X D ' Y_JIoJ lanJ Dr il 1 j ncji J> I< J l.J HOI.'-_0-9

Approx.
'-:\'. 33' G r a d e . . ' I ' n ' i A l , l ) i - :PTI I /16] ' ] OCA'J 'JOM ]Q • N o r t h of I ' . i i n l Shop (S. 002.71 ' , PJ. 577 .72 ' 1J] an tCr i r J ,
i t : '1';" 3 - U l o c l c Dr; ic j Hit Mud: Lime and Bentonitc Uyc:d Whc-n Hcnming First J 2 0 1 of Hole to 11 7/0"L>i ,

i : .( ;;
121.5

- - - -----

1.28

140

142

159
163

c>
171 2

CD

181 °

191 °

ro

—— ._. —

128

-—----—-

...140__._

142

159

163
171'

f

181

191

201

... .. ._

T H I C K
l!iv-::'j

6.5

12

2

9

4
8

10

10

10

M '•:'.:.
r.M M .
1 • i > J

. . . . . . . . . .

------ --

- . — — • — — . - ——

1 ITIIGJ.OOY

Clay, gray to light bluish gray "Blue Clay"

--- -— • - . . - . . _ . . - - .._--..- . ._ . . . . — .

Clay, bluish gray, J'Ulue Clay" . . . . . . . . ...........

Sand, fine

Clay, gray and bluish-green

Sand, fine to very fine, buff to light gray
Clay, color varies^ 70%_blue to bluish greei

30% olive
Clay, about same as above except some qray <

It. bluish gray coming in
Clay , about same as above except less olive

Clay. abQut_s_ame as above
... _ .. ——— .. —— ._..... — . _ . — _ . _ . . _ _ _ . ._.. ..__... _ .__ .__ ...... .

T, D . ._f̂ jr_
May_ 4 j 1912_. _ Re amed
11-1/8"__hole_ tp 12.8'.
Installed 129'6"
casing. _Pressure_

cemented_c.asj..ng._ i
hole.

Resumed dr iJLling

5/7/73.. .Only,
slight amount of

cement at bottom _
of hole._

Questionat>le.._DJLd_ ....
not see cutting

CuLting_._somewhatL...._ _.
slower ; _cu t t ings_ar<
finer an^ "less
qri ttv"
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Cold Ctcck Plant , , ks. Alabn.ru. Explora, y Boring
I ' .Xd l i ; ; 5/3/7.3 KI;;!. ' ;H|.;D 5 /7 /7_3__JOGGKD !^_W..P._StUsonJ)In 1 •)•>'•& nYJI°1.J:an^-Dr i] ling-OHJIJ flol-l'_9z§.__..

Approx.
K J . K V . 33- Grade Ti -YA) . HKl 'TI I^ 461'..... ....J-OCATION^IQ1. Nprth.jqf .Paint Shop . (S .. 002 .71' ,_ E. ._577.72 ' PLantGrid )

H i t : 4'j" 3-H]<-ide Drag Bit Mud: Lime and Dentonite Used When Reaming First 120' of Hole to 11 7/0"Di;

on

I.-

CD

("~>

ro

]•'( I'i'AOK

!•';;( ii
201

207

211

221

— ————— -

228

242

251

271

286

291

295

301
31,

TO
207

211

221

228

—— - — —

242

251

271
1

. 286

291

295

301

311
341

THICK
i.'ivsr;

6

4

10

7

14

9

20

15

5

4

6

10
30

KKCl '.'-
RW

- — -— -•--

... - - -.

1 1'rnoi.oGY

Clay, about same as above
Sand, med . to fine

Sand, med. to coarse but mostly^ coarse last 5 'j_
grains clear, white and It. gray, about 5%
colored grains with a few black grains

Sand, fine to coarse (mostly coarse), grains white
to light gray with about 3% colored grains

Clay, light bluish gray, gray, and blue

Clay, about same as above. Brought up a slight
amount of black material in the 245 to 248'
range. Material is soft, silt siz^d, and has
no odor. (Soft lignite?)
^lay, mostly blue but some bluish gray and bluish
green with a slight amount of gray
>and, fine to medium

'lay, bluish gray to bluish qreen with increasing
amounts of medium to dark gray
?lay, same as above
Clay, same as above, gray tones increasing
Clay, same as ah
Clnv, moro hlni. tn^ loss nrnv

KF.KAHKS

"Lively Sand" -
losing water

Added 2-50# sacks
of lime

S t JLLl-losing _water^
Added_ 2 -50# _s_ack s
of lime

Brought up wood
fragment

Drilling harder.. .-.-.
Brought up a few
wood fragments.

Drilling easier again

Very little recovery
of sand in cuttings.
Returns mostly clay.

Prilling hard

Drilling " 1



Cold Creek Plant , Bucks. A labama Exploratory Boring
i - i : ; i . " . M K I ) 5/7/73 L f » J K O HYw. P.Stilspn ,J»* U.J>'D ; V .Hol land Dr i 11 i ng l > l < ! I . I I i < ' l . ! \ _ 0 - 9 _ ._• X l M l i ; 5/3/73

Approx.
• : i , ! - : v . 33 ' Grade ' i ' ' ' i A I , Hi^'TII 461 '
H i t : 4V 3-Blade Drag Bit

I MOTION lq' Nor th of Pa in t Shop (S... 002.71' , E. 577 . 72 ' PLantGrid )
Mud: Lime and Bentonite Used When Roaming First 128' of Hole to 11 7/0"Din

!•'( Y,\(

]•:,( ; ,
341

351
366

372
381
392

396

401

431

-441 a

451 £
T.D. C

- . . _. C
r-

r̂

;K
'!<

351

366
372

381
392
396

401

431

441
1

451N ———— —
D
^ 461
3 461

D _._______...

->

VIIICI'
1 .1',. '0

10

15
6

9
11
4

5

30

10

10

10

!:'•','•< • ••
:\ >'V

- - - - -

/

1 I'l'IK ] ( r;Y

Clay, same as above
Clay, same as above
Sand

Clay, same as clay above sand
Clay, about same as above
Sand

Clay, probably thin interbedded seams of mudstone£
or siltstones

Clay

Clay

Clay, increasing in blue-green tones, decreasing
in gray tones

Clay, about same as above
In Clay

^ pipe in 21'sand at 207 to 228'. Came out of
hole with 4" gal". pipe.J
Xv

KF-:i:/\KKS

Drilling hard
Drilling easier
Very little recovery
of sand in cuttings
returns are mostly

clay

Drilling hard
About 4' of sand -
very little recover

Drillinq very hard
399' to 401'

Drilling very hard;
cuttings are mostly
clay.
Drilling easier
below 433'

No more drill steel.
May 8,̂ 1972. Reamed
5V hole from 128'

to 228' . '-stalled
20' of 4 ted PV(



i i f i - iuy l i t - i i c i n i A X I S , Alabama -"a1- * "•
BEGUN _, 34__ F I N I S H E D d/fi/R4 LOGGED B Y W . P . S t i ^ lORTLI.ED BY Holland Well Company DRILL i iS CNAH-34
GRADE
1-I.EV. _42JL2J__ TOTAL DEPTH 120.5' LOCATION ...Stauf fer Grid Coordinates S. 2480^5' E. 1890*5'___________
H i t s : 9-3/4" Draq Bit 0 to 10'; Drilled on Cour taulds North America Property

5-3/4" Drag Bit 10' to T.D. Mud: Johnsons Revert
FOOTAGE

I 'ROM

0

8

10

16

30

44

50

60

75
C.)
V~

LO —————
0 80
I —— "» .....

r~>

~̂ 95

TO

8

10

16

30

44

50

60

75
I

80

95

101
ro

THICK-
NESS

8

2

6

14

14

6

10

15

5

15

6

LITHOI.OGY

Clay, stiff, red brown to liqht yellow brown.

Clay, fairly stiff, silty to sandy, light yellow brown to red brown.

Clay, slightly stiff, silty to sandy (grades into sand), tan, light reddish

brown and yellow brown.

Sand, fine to coarse, with minor gravel, buff to light gray.

Sand, fine to coarse, buff to light gray, contains thin streaks of light

gray clayey silt.

Clay, soft, Silty to sandy, light gray, light reddish brown, cream, and

trace of 'reddish brown.

Clay, fairly soft, silty to sandy, trace of gravel, light yellow-brown,

cream and light gray and red mottled t

Clay, fairly soft, silty to sandy, light gray, minor medium gray,. traces

of black silty sand(?), also yellow brown and reddish brown clays.

Sand, fine to coarse, with minor gravel, also with clay streaks, llqht

gray and light yellow brown.

Sand, fine to coarse (mostly medium) with 2 to 4% gravel + 1/4", buff to

light gray, thin clay streaks.

Clay, moderately stiff to soft, lio^ gray.

REMARKS

"Good chatter"

\



l<t -r iwyl | t j I I.nil, MXI.'i, /\ I ,11),Illl,I ^tHje <£ OI £

FINISHED 4/6/84 IXXIGKD MY W .jv.S_t UspifclU M.l-JD HY Holland Well Company DHTF.L HOLE CNAM-34IU-;r:UN 4/6/84
CKADK
i:i.i:v. _42.2J__ TOTAL DEPTH 128.5' LOCATION _Stauffer. Grid Coordinates S. 2480*5' E.189Q15'
Hits: 9-3/4" Draq Bit 0 to 10';

" Drag Bit 10' to T.D. Mud: Johnsons Revert
Drilled on Courtauldn North America Property

roo'i

TROM

101

110

120

127

T.D.

«-

L-O

c~>
CD

CD

ro

•AGP;

TO

110

120

127

128.5

128.5

TH1CK-
NRSS

9

10

7

1.5

1

MTIIOI.OGY

Sand, fine to coarse (mostly medium), tan to light gray.

Sand, fine to medium with 5% coarse + 1/8", tan to light gray, thin

clay streaks possible.

Sand, fine to coarse with 3 to 5% gravel + 1/4", tan to light gray,

thin clay streaks possible.

Clay, stiff, light bluish gray.

In light bluish gray clay.

1

•

i

REMARKS



i.eMoyne riant; 'Uis, Alabama ' U>JL * U1

I 5 I X I U N _/ ^4 _ F i N l S I I K D 4/6/84 LOGGED BY *rjv.SUi| OIUM.ED BY Holland Well Company DRILL I.
GRADE
F,l.nv. 42 .2 ' TOTAL DEPTH 96' LOCATION Stauffer Grid Coordinates S .2470 '5 ' E. 1885i5'
nits: 9-3/4" Draq nit 0 to 10 ' ;

5-3/4" Dray Bit 10' to T.D.

CNAM-33

Drilled on Courtaulds North America Property
Mud: Johnsons Revert

FOOTAGE

FROM

0

5

8

10

17

30

44

50

60

CM

10 75
CD ————
CD

° 80

hO

TO

5

8

10

17

30

44

50

60

75 '

80

90

THICK-
NESS

5

3

2

7

13

14

6

10

15

5

5

LITMOLOGY

Clay, stiff, rpddi«;h brown to light yellow brown.

ClaVi stiff, tan to linht yellow brown and liqht gray and red mottled.

Clay, fairly stiff, silty to sandy, light yellow brov/n to reddish brown.

Clay, slightly stiff, silty to sandy, (grades into sand), tan, light

brown and light reddish brown.

Sand, fine to coarse, with minor gravel, buff to light gray

Sand, fine to coarse, buff to light gray, with thin streaks or light gray

clayey silt, also has streaks of cream clay.

Clay, soft, silty to sandy, light gray, light reddish brown, cream, and

trace of reddish brown.

Clay, fairly soft, silty to sandy (with trace of gravel), light yellow

brown, cream, light gray with red mottled.

Clay, fairly soft, silty to sandy, light gray, grace of medium gray, trace

of black silty sand(?), also yellow brown and reddish brown clays.

Sand, fine to coarse, with minor gravel, also with clay streaks, light

gray and light yellow brown.

Sand, fine to coarse, with 2 to 3% gravel + 1/4", buff to light gray,

contains thin clay streaks.
I

REMARKS

"Good chatter"

\

"Fair to good chatter"



m x ; U N 4/6/84 F I N l f i l l F . D 4/6/84

4 2 . 2 '

jjc-noynu r ian t . , A X I S , A L n h n n u i > "y- «- 01 «.
LOGGI;D MYW_.P_.s_t i lsoiOR.iLi .KD MY Holland Well Company DRILL MOLE CNAM-33

TOTAL DEPTH 96' L(XTATION ._Staufrer_Gt;ld Coprd lnaj.es__S. 247015' E. 1885^5'
Drilled on Courtnuli ls North America PropertyH i t s : 9-3/4" Draq Bit 0 to 10';

_____b-3/4" Drag Hit 10* to T . D . Mud: Johnsons Revert
FOOT AC; F,

'J'O

TIIICK-
NF:SS M'J'HOLOGY RRMARKS

90 94.5

94.5 96

4.5 Sand, fine to coarse, with 3 to 5% gravel + 1/4". buff to light gray. "Heavy chatter"

1.5 Clay, fairly stiff, light gray.

T.D. 96

LO
o

-CD

CD

In light gray clay.



I.eMoyne P lan I Ax in, Alabama 'dl je l u '
HF.GUN _. 8J_ FINISHED 4/5/84 LOGGED BYW.P.S t i 1 itWU.I.ED HY Holland Well Company DRILL » £ CNAM-32
GRADE
1 'J .KV. 35.4' TOTAL DEPTH 1?!' LOCATION Stauf fe r Grid Coordinates S. 2550_____E. 1560____________
n i t s : 9-3/4" Drag Bit 0 to 10'; Dril led on Courtaulds North America Property

5.3/4" Drag Bit 10* to T.D. Mud: Johnsons Revert
FOOTAGE

FROM

0

6

8

12

19

20

24

26

30

40

"3-

io 55
CJ
o 60

° 7,1

ro 80

TO

6

8

12

19

20

24

26

30

40

55

60

73

an
>

THICK-
NESS

6

2

4

7

1

4

4

4

10

i
15

5

13

10

10

LITHOLOGY

Clay, fairly stiff, reddish brown.

Sand, clayey, light reddish brown to buff.

Sand, fine to medium buff to tan.

Sand, fine to coarse, with minor gravel, buff to tan, yellow-brown

staining on 1% of grains

Clay, slighlty stiff, light gray and light reddish brown, trace of yellow

brown .

Clay, fairly soft, light gray and tan, with yellow-brown clayey silt.

Sand, fine to coarse, light yellow brown.

Sand, fine to coarse, light yellow brown.

Sand, fine, buff to tan, with thin clay streaks light gray, buff, and

reddich tan clay ra minor yellow-brown staining.

Sand, fine to coarse, with 3 to 5% gravel + 1/4", buff to tan, mixed with

clay streaks, buff and light yellow-brown, (clay increases 50-55')

Clay, soft, silty to sandy, buff to yellowish tan, with gravelly streaks.

Clay, soft, buff to tan with minor light gray, thin sand streaks probable.

Sand, fine to coarse, buff to tan.

Sand, fine to coarse, buff to tan, v1 " very light yellowish clay(?) streaks

REMARKS

"Formation taking fluid"

i

"Drills smooth"

"Formation taking fluid

"Drilled smooth"
"1 ikP a «:nft rlay nr
fine sand"

"A lot of foam on mud"



F I . K V .
H i t n :

1 , 1 I I t l y I I * . - I I t l l l l , M X J S , A I . I D r l H M

__4/5/84_ r iNj r . i i r .n 4/5/04 J - U K J K D MY w.._!l..s.ti_Lsoii)iai,i.Ki) MY Holland Well Company DKH.L HOLE _CNMb3<L

_35 i4_L _ TOTAL DF.PTII _J2LL_ LOCATION ^Staurrcr..Hri.c_l_. Coordinates _ S_?_255(L ____ E. 2560. __________
9-3/4" Draq Hit 0 to 10'; Dr i l Jod on Com tan Ids Nor th Amor ion Property

£" Drn<j Bit 10' to T .D. Mud: Johnsons Revert
FOO'

FROM

90

100

120

T.D.

!_O

in
0
CD

CD

^0

•AGF;

TO

100

120

121

121

•

TlliCK-
NFS.S

10

20

1

i

i..i']'lioi,tx;Y

Sand, fine to coarse, with 3 to 5% gravel + 1/4", yellowish as above,

possible clay streak 0 94', also traces of light gray and cream clay.

Sand, medium to verv coarse, with 5%peaaravel + 1/4". vellow-brown

staining on 1 to 2% of grains.

Clav. stiff, yellowish siltv clav on top of bluish clav.

In stiff bluish clav.

' ;

•

I

REMARKS

Fluid gone; stopped.
MixFrl 1 ^3rk RPVPrf.

"Heavy chatter"



i i t - i - n i y lit; I i t l l i L , ' V X J H , / \ I < » U < I I I I < I

F I N I S H E D 4/5/84__ I-OCGED H Y W . P . S l i ^ fclULLED DY Holland Well Company DRILL II CNAM-31HEOUN
GKADE
ELiiV. 35.2'___ TOTAL DEPTH 87.5' LOCATION __Stauffer Grid Coordinates S.2565._________
n i t s : 9-3/4" Drag nit 0 to 10'; Drilled on Courl.aulcls North America Property

5-3/4" Drag nit 10* to T .D. Mud: Johnsons Revert

E. 1565.

FOO'l

I ROM

0

6

8

12

18

24

30

40

50

0 60

L.O

o
0 70

2 76

ro 80
•*- r̂

•AGE

TO

6

8

12

18

24

30

40

50

60

70

76

80

«7.5
^_

THICK-
NESS

6

2

4

6

6

6

10

10

10

*

10

6

4

7.5

LITIIOLOGY

Clay, stiff, light reddish brown to yellow-brown with minor gray.

Sand, clayey, light reddish brown to buff.

Sand, fine to medium, buff to tan.

Sand, fine to coarse, buff to tan with yellow-brown staining on about 1%

of grains.

Clay, fairly soft, light gray with red (mottled), tan and buff.

Sand, fine to coarse, tan to light yellow-brown.

Sand, fine to medium, with minor coarse, buff to tan, with minor amount

of yellow-brown staining, thin clay streaks.

Sand, fine to coarse, with 2 to 3% gravel + 1/4" thin clay streaks possible.

Clay, fairly soft, tan and light gray, traces of medium gray clayey silt,

also some yellow brown clay, yellow brown staining ("seams") in tan

and gray clay.

Clay, silty, fairly soft, tan and light gray with small amount staining as

above, thin sand streaks possible.

Clay, as above, grades into sand.

Sand, fine to coarse, with 2 to 3% gravel + 1/4", buff to tan

Sand, fine to coarse,, with minor gra% contains thin c^av streaks.

REMARKS

1

"Drilled soft and smooth"

"Fair chatter"



l i i , r n > y 111- i i . i l l ! , MA 1 tj , M l t l l l r l l l l U • "J-- *• " • •-

M K G I J N 3/4/84 I-TNI.SI1KI) 3/4/84 L(X;GED BYW.P.St i lsoiQKiLl .EI) MY Holland Well Company DHILL HOLE CNAM-30
C.KADK ——————

38.7'_ ____
" Dracj Bit 0 to 10';

Mud: Johnsons Revert

C.KADI-;
i : i . i :v. TOTAL DEPTH 132' LOCATION S tau f fc r Grid Coordinates S. 2730' ______ E. 1155'

Drilled on Cour taulds North America PropertyH i t s : 9-3/4" Dracj Bit 0 to 10';
5-3/4" Drag Bit 10' to T.D

FOU'l

['ROM

0

14

20

30

39

50

60 :

O

*-'*> 80cj - -
o

^ 90

o

'AGE

TO

14

20

30

39

50

60

80

90

100

THICK-
NESS

14

6

10

9

11

10

29

10

10

LITHOLOGY

Clay, silty, traces of sand, light reddish brown to tan, and gray-red

mottled clay.

Clay, silty to sandy (grading into sand), softer than above, otherwise

the same.

Sand, fine to medium (mostly fine) tan to light reddish brown, traces

of yellow brown staining.

Sand, fine to coarse, buff to tan, thin clay streaks possible.

Clay, slightly stiff, light gray with traces of red, also some cream to

very light yellowish clay and minor tan to light brown clay (must be

intermixed with sand streams), buff to white.

Sand, fine to coarse, with 5 to 10? gravel + 1/8" (must be Intermixed

with light gray and cream clay streaks).

Sand, fine to medium with minor coarse, buff to light gray (clay streaks

possible).

Sand, fine to coarse, with 2 to 4% gravel + 1/4", tan to light gray,

brown staining on 1 to 2% of grains.

Sand, medium to coarse, with 3 to 5% gravel + 1/4", buff to tan, brown

and yellow brown staining on 2 t- .1% Of grains, traces of clav
I T 1 1 1 1 I I f | I I

REMARKS

"Drilled like a clay
with sand streaks"

"Light chatter"

"Chatter"



I.eMoyno P l a n t . x t s , Alabama
U »J <J I- U I '-

• ' • ' • :v.

3t J4 F I N I S H E D 3 /4 /04 nx;c;i:i> iw w_. P_.S^Li 1\ OIUU.KD iw Holland Well Company DRTI.L fio_ .,

3 8 . 7 ' TOTAL DEPTH 132' LCXJATION _Stauf fcr_Gr icl l_Cporjl_l nates _ s. ^ 7 3 0 ' E. 1155' _____
9-3/4" Dm<j Hit 0 to 10'; Dri l led on C o u r t n u J d s North America Property
5-3 /4" Dray nit 10' to T.D. Mud: Johnsons Revert

TOUT AC; r:

TO

THICK-
NESS MTHOLOT.Y HEMARKS

110

110

120

10 Sand, fine to coarse with trace of gravel, tan to light brown (traces of clay) "Heavy chatter'

10 Sand, coarse to very coarse (minor fine), buff to tan, brown staining on

less than 1% of grains.

130 10 Sand, coarse to very coarse (minor fine to medium but more than above),buff

130 132 Clay, stiff bluish gray, with trace of orange s11ty clay on top.

T.D.

CO

LO

CD
CD

CD

132 In stiff bluish gray clay.



LCXIGED MY W.P.St i l soiElul . l .ED BY Holland Well Company DRILL HOLE CNAM-29

E. 1170.

I H X M J N 4/3/84 F I N I S H E D 4/3/84
G K A D K
K I . E V . __30.4' TOTAL DEPTH p,5' LOCATION ^tauffer Grid Coordinates_S. 2740.
H i t s : 9-3/4" Dray nit 0 to 10 ' ; Dri l led on Courtaulds North America Property

5 - 3 / 4 " Dray Bit 10' to T .D. Mud: Johnsons Revert
l-'OO'

I-'KUM

0

3

12

15

20

30

38

50

60 °
Lf

76 .(-

77
c

>: 80 T-

84 Is
}

T.D.

'AGE

TO

8

12

15

20

30

38

50

60

N 76

} »
D 80
D
- 84

0 85

85

THICK-
NESS

8

4

3

5

10

8

12

10

16

1

3

4

1

LITHOLOGY

Clay, silty, moderately stiff, tan to light brown, minor gray.

Clay, silty to sandy, soft, light yellow brown.

Sand, fine, white to light yellowish tan.

Clay, sandy, fairly soft, light reddish brown to light yellow brown.

Sand, fine, buff to tan, with small amount of yellow brown silt to clayey

silt.

Sand, fine to medium (mostly fine), tan, with traces of yellow brown

staining.

Clay, slightly stiff, light gray with traces of red, also minor buff to

tan silty to sandy clay.

Sand, fine to coarse, with traces of gravel, buff to light gray.

Sand, fine to coarse, buff to light gray, possible clay streaks.

Clay(?), light gray.

Sand, fine to medium, buff to light gray.

Sand, fine to coarse, buff to light gray.

Clay, light to medium gray.

In gray clay.

REMARKS

"Light chatter"



HKGUN ?
GHADE

'04 FINISHED
I'Jani A x i s , Alabama
^.St^ IORII.I.ED UY Holland Well Company DRILL 1 Z CNAM-28

TOTAL DEPTH

rxX;GED HYwjv.sti\
LOG! ATI ON Stauf Cer Grid Coordinates S. 2609.8.t2 E. 2103.±3

Hits: 9-3/4" Drag Bit 0 to 10';
6-1/4" Drag Bit 10' to T.D.

Drilled on Courtaulds North America Property
Mud: Johnsons Revert

rou'i
FROM

0

1
5

10

20

30

38

44

50
c:
c-
Lf

60 C
" CZ

64 ^ —
69 ~̂

N1

69.5

70
— r^

'AGE

TO

1

5

10

20

30

38

44

50

60
}
SJ

)
) 64
),

, »
69.5

70

71
•i

THICK-
NESS

1

4

5

10

10

8

6

6

10

4

5

0.5

0.5

1

LITHOLOGY

Silt, sandy, brown and yellow brown (top soil).

Clay, silty, with trace of sand, stiff, light yellow brown to red brown.

Clay, silty, with minor sand, softer than above, qray and red mottled.

Sand, medium to coarse, buff to light yellow brown (most be a layer of high

color intensity yellow-orange silty clay above 15') 3 to 5% yellow-orange

staining on grains.

Sand, medium to coarse, tan to light yellow brown, 2 to 3% staining.

Sand, fine to medium with minor coarse, buff.

Clay, slightly stiff, light gray and red, also yellow-brown.

Sand, fine to medium, with traces of coarse, white to buff.

Sand, fine to medium (mostly fine), light gray to white, thin streaks of

light gray clay likely.

Sand, fine to coarse, buff.

Sand, medium to coarse, with 1 to 2% gravel + 1/4", buff to tan.

"Sand rock" (less than 6"), medium to coarse sand and gravel, weakly

cemented, yellow brown to rust.

Clay, soft, cream, with yellow brown staining.

Clay, slightly firm-, medium gray
, . . . ' , . .

REMARKS

Formation taking fluid.

Formation taking fluid.

"Drilled soft"

i



M I : < ; U N ?/6/84
< ; ! < A D K

F I N I S H E D 2/6/84__ L(K;c,ED BY W^SU.l_sorfcRILLED BY Holland Well Company DRILL HOLE CNAM-27

TOTAL DEPTH 132' LOCATION S tau f f e r Grid Coordinates S. 2690. E. 1780.____________
B i L . s : 9-3/4" Dray Bit 0 to 10 ' ;

6-1/4" Dray Bit 10' to T.D.
Drilled on Courtaulds North America Property

Mud: Johnsons Revert
i-'ocrj

FROM

0

0.5

5

10

17

37

39

45

61

71

80

90 2
c
d

100 C
* —

flf

•AGE
TO

0.5

5

10

17

37

39

45

61

71

80

90

J 100
>
3

3 110

^

THICK-
MESS

0.5

4.5

5

7

20

2

6

16

10

9

10

10

10

LITIIOLOGY

Silt, clayey, brown (topsoil).

Clay, silty, fairly firm, light yellow brown with some reddish brown.

Clay, silty to sandy, softer than above, light reddish brown.

Clay, sandy, grades into sand, light reddish brown to light yellow brown.

Sand, fine to coarse, mostly medium with traces of gravel, tan to light

.. yellow brown.

Clay, light gray.

Sand, fine to medium, tan.

Clay, fairly firm, light gray, cream, and light yellow brown.

Clay, fiarly firm, Igiht gray, tan, minor sand streaks possible.

Clay, fairly firm, traces of gravel, light gray, tan with minor light

reddish brown.

Sand, fine to medium, with traces of gravel, also with some clay streaks,

(80% + sand - clay less than 20%).

Sand, fine to coarse, with gravel, mixed with clay streaks (50% sand -

clay about 50%) .

Sand, fine to coarse, with gravel, mixed with medium gray to light brownish

gray clay streaks (90%+ sand - cl»v less than 10%)
i

REMARKS

"Good chatter"



ni:r,UN
C.KADK

'55

F I N I S H E D 2/6/M I.OGGED BY W .£.. SJ.̂  i iOKllJ.EI) HY Hol land Well Company DRILL

TOTAL DEPTH 132' LOCATION S tauFfer Grid Coordinates S. 2690_____E. 1780

E CNAM-27

H i t s : 9-3/4" Drag Bit 0 to 10';
6-1/4" Dray Bit 10' to T.D.

Drilled on Courtaulds North America Property
Mud: Johnsons Revert

FOO'l

FROM

110

120

131

T.D.

CM
CN
LO

O
CD

CD

ro

'AGE

TO

120

131

132

132

»

THICK-
NESS

10

11

1

LITHOLOGY

Sand, fine to coarse, with about 5% aravel + 1/4". liaht arav

Sand, fine to coarse, with minor gravel, tan to light brown, yellow brown

staining on 5 to 10% of grains.

Clay, thin layer of yellow-brown clayey silt on top of light bluish gray

clay.

In stiff bluish clay.

;

REMARKS

"Good chatter"



I 1 n II u f / \ I 111 f l l l l l t l I U>Jl- I \J It ' >. I it > y _ t i_, l 1 i* I I U | I 1 W I n f f ^ l t l l / d l M L I ' *-" .J ̂  » w » *-

m : r ; U N _2_/n/84__ F I N I S H E D __2/H/84_ Lcxlc.KD MY W^_SJJJ.soiC>IULLKD HY Holland Well Company DRILL HOLE CNAM-26
CKADE
KLEV. 36.5' TOTAL DEPTH 126'. L(X:ATION StauCfer Grid Coordinates S.2500-_____E. ̂ 25.______________
nils: 9-3/4" Dray Bit 0 to 10'; Drilled on Courtaulds North America Property

6-1/4" Dray Bit 10' to T.D. Mud: Johnsons Revert
FUO'I

FROM

0

1

5

8

20

35

39

50

57

60,

70
r<

78 c
L

84 <-
——— c

c
90 v

r

•AC;F:

TO

1

5

8

20

35

39

50

57

60

70 '

78
o
M 84
o
3 90
D —————

D

~ 100

TII1CK-
NE.SS

1

4

3

12

15

4

11

7

3

10

8

6

6

10

LITIIOLOGY

Silt, sandy, brown, (too soil).

Clay, stiff, reddish brown, minor gray.

Clay, grades to sand, light reddish brown and light yellow brown, (fine to

medium sand).

Sand, fine to coarse, tan to light yellow brown, minor streaks of light

~ gray and cream clay.

Sand, fine to coarse, buff to tan, thin clay streaks, traces of yellow-

brown staining.

Clay, fairly firm, light gray with traces of red.

Sand, fine, silty, with thin clay streaks, tan to light yellow brown

Sand, fine, silty, with thin clay streaks.

Clay, fairly firm, light gray with traces of red, minor light yellow brown.

Sand, fine to medium, buff to yellow tan.

Sand, fine to coarse (mostly medium), buff to tan

Sand, medium to coarse, buff to light gray

Clay, fairly stiff, light gray, cream, minor light yellow brown, trace

of red.

Sand, fine to medium with minor r^rse, buff to light yellow tan, staining
~~ T" r>F r,.--̂ '.,-

REMARKS

1

"Drilled soft"

Formation taking fluid
"Chatter"
Formation taking fluid
"Chatter"
Formation taking fluid
Added 1 sack Revert.

Taking fluid. "Chatter"



F I N I S H E D 2/R/84
GRADE
i: i j-;v.
Hi t s :

M.
36.5'

9-3/4" Drag Bit 0 to 10';
6-1/4" Drag Bit 10* to T .D.

l . t j l - iuy lit: I I c l l l l M X J S / MldOtt l l ia

LOGGED D Y W . P . S t w ifciuLJ.ED BY Holland Well Company DRILL •: CNAM-26

TOTAL DEPTH 126/ LOCATION . S t a u f f e r Grid Coordinates S.2500. E. 1725.
Drilled on Courtaulds North America Property

Mud: Johnsons Revert
FOOTAGE

FROM

100

105

107

124

T.D.

*3-
/->. i
tn
CD
CD

CD

r-o

TO

105

107

124

126

126

1

THICK-
NESS

5

2

17

2

LITHOLOGY

Sand, as above, but with yellow-brown staining 2 to 3% of grains.

Clay, fairly firm, light gray.

Sand, medium to coarse, with 5% gravel + 1/4", buff to light gray, tan

clay streaks possible (120-1241).

Clay, 1/2' of yellow-brown clayey silt on top of stiff bluish gray clay.

^In stiff bluish clay.

I

•

i

REMARKS



e r i a n t , A X I S , AJaba ina J ~
miGUN _2/2/84_ F I N I S H E D 2/2/84 LOGGED BY W. P .St i lsoifcKJI.I .KD HY Holland Well Company DRILL HOLE C HAM-25
('.HADE
E I . E V . 41.0' TOTAL DEPTH m' LOCATION S tau f fe r Grid Coordinates__S. ?7Q5_____E.ugn_____________
n i l s : 9-3/4" Dra<j Bit 0 to 10'; Drilled on Courtaulcls North America Property

6-1/4" Dray Bit 10' to T .D. Mud: Johnsons Revert
FOO'l

FROM

0

0.5

1

10

21

30

41

55

Lf
£>

64 ^
c_
^

c

IV

'AGE

TO

0.5

1

10

21

30

41

55

i
fid

•)
si

*> 81

D 101
D

~*

THICK-
NESS

0.5

0.5

9

11

9

9

14

q

17

20

LITUOLOGY

Silt, sandv. brown, (topsoil).

Clay, silty, light yellow born.

Cldy, firm, yellow brown and reddish brown to 4", gray and red mo-tled

4' to 10'.

Clay, firm to 16', moderate 16' to 21', light gray to white, traces of fine

^ white sand.

Sand, fine to coarse, with traces of gravel, buff to tan, some yellow

brown staining on grains, (trace of clay).

Clay, fairly soft, light gray, light yellow brown, and light red-brown, witl

streaks of fine to coarse sand.

Clay, fairly stiff, light gray to white, with traces of red mottling, minor

sand streaks, trace of gravel.

Clay, soft, light gray, with minor sand and gravel streaks, gravel 1s buff

to white with traces of yellow brown staininq.

Sand, fine to coarse, mostly medium, with minor gravel, light gray to buff.

Sand, fine to coarse (mostly medium coarse) with 5% gravel + 1/4", buff

to tan, traces of yellow brown staining on 5% of grains, clay streak

likply nt 9? - 101. other clav r- — •'ble.
i

REMARKS

Formation taking fluid.
"Light rhattpr"



liFGUN
GRADE

i.eMoyne r i a n t . A x i s , /Manama • uy<^ «• v>
J4 _ F I N I S I I F : D _2/2/84 __ LCXJGKD n v w . p . s t i ^ DRILLED BY Holland Well Company DRILL n cNAM-25

AUQ1 TOTAL DEPTH 131' LOCATION Stauffer Grid Coordinates S.2795._____E. 1450.
Drilled on Courtaulds North America PropertyHits: 9-3/4" Drag Bit 0 to 10';

6-1/4" Dray Bit 10' to T.D. Mud: Johnsons Revert
FOOTAGE

FROM TO
THICK-

NESS LITHOI.OGY REMARKS

101 130

130 131

29 Sand, medium to coarse, with 5 to 10% gravel + 1/4". light arav to buff.

yellow brown staining on about 5% of grains, thin (1* or less) clay

streak at 114'.

Clay, stiff, bluish gray (thin layer of yellow brown silt and sand rock

on top of blue).

T.D. 131 . In stiff bluish clay.

CM -
U)
CD _
CD

CD



IU-:c ;UN 2/7/84__ F I N I S H E D .2/7/84__ L < X ; G I ; D BY W_.P_.S_tiJ_soi|MULLEO UY Holland Well Company DRILL HOLE CNAM-24
C.UADE
E1.EV. 36.5' TOTAL DEPTH 127' LOCATION _S tau fEer^GL- idCoordJ nates S? 2610^ E, 1395.
M i l s : 9-3/4" Dray Bit 0 to 10';

6-1/4" Drag Bit 10' to T.D.
Drilled on Courtaulds North America Property

Mud: Johnsons Revert
!•'()()'

FKOM

0

1

6

10

20

36

39

50

ĉ . 60
TM ————
in 70
o

° 80

r-O

'AGE

TO

1

6

10

20

36

39

50

60

70

80

100

THICK-
NESS

1

5

4

1

16

3

11

10

1

10

10

20

LITHOLOGY

Silt, slightly sandy, brown, (top soil).

Clay, fairly stiff, light reddish brown and light yellowish brown.

Sand, fine to medium, buff to light yellow brown.

Clay, silty to sandy, slightly soft, light gray and tan, trace of light

yellow-brown.

Sand, fine to coarse, (mostly medium) buff to tan, with light yellow brown

staining on 2 to 5% of grains, (minor light gray clay).

Clay, moderatly stiff, light gray and light brownish red.

Sand, fine to medium, with trace of coarse, buffi 40 to 50%/mised with

50 to 60% soft clay, light gray and light brownish red.

Sand, fine to medium with minor coarse, buff, with light yellow brown

staining on 1 to 2% of grains, contains, streaks of soft gray clay

(80% san 20% clay).

Sand, fine to coarse, buff to tan, yellow brown staining on 1% of grains.

Sand, medium to coarse, buff to light gray, traces of clay(?) may be from

uphole.

Sand, medium to coarse, (minor fine) buff to light gray, traces of clay,

yellow brown staining on 1* rjrai
i

REMARKS

"Heavy chatter"



F I N I S H E D 2/7/84
l.eMoyne I ' J a n i A x i s , A l a b a m a • "ye <-

LOGGED HYW.P_ .S t^ j iOUIU.ED »Y Holland Well Company DRILLBEGUN . 34___
GRADE
KI.KV. 36.5'___ TOTAL DEPTH 127' LOCATION _gtauffer Grid Coordinates__S. 2610
Bits: 9-3/4" Draq Bit 0 to 10'; Drilled on Courtaulds North America Property

6-1/4" Drag Bit 10' to T.D. Mud: Johnsons Revert

E CNAM-24

E. 1395

FOOTAGE

FROM

100

110

125

T.D.

GO
CNJ
LO

CD
— CD ——

f~)

hO

TO

110

125

127

127

l

THICK-
NESS

10

15

2

LITHOI.OGY

Sand, fine to coarse (mostly coarse). 2 to 5% aravel + 1/4". buff to

light gray, rest as above.

Sand, fine to coarse (mostly coarse), with 5 to 10% gravel + 1/4", buff

to light gray, yellow brown staining on about 3% of grains.

Clay, stiff, 1' of yellow brown clayey silt on top of light bluish gray.

In stiff bluish clay.

i

•,

REMARKS

"Heavy chatter"

"Heavy chatter"



I U : < ; U N .2/3/84
C.KADE
E L K V . .1.1. q1

F l N J . S H E D 2/9/E4___ UxiGED MY W .P .S t i lsoiOKlI. l .EP BY Holland Well Company DRILL HOLE CNAM-23

TOTAL DEPTH nq' LOCATION S t a u f C c r Grid Coordinates S.?-m ? E. 2366.9___________
H i t s : 9-3/4" Drag Bit 0 to 10';

G- l /4" Drag Hit 10 ' to T .D .
D r i l l e d on Com taulds North America Property

Mud: Johnsons Hevert
FOO'

1' ROM

0

5

7

10

20

30

37

40

50

62 I
i
<
(

70
t

i

76

'AGE

TO

5

7

10

20

30

37

40

50

62

3>
>j 70
~o
ID
_>

76

t —

ro

THICK-
NESS

5

2

3

10

10

7

3

10

12

8

6

&
.-

LITHOLOGY

Clay, fairly stiff, reddish brown and liqht yellowish brown.

Sand, fine to coarse (mostly coarse), tan to liqht yellow-brown, yellow-

brown staining on 5% of grains.

Clay, silty to sandy, fairly soft, light yellow brown, minor red-brown

and gray with red mottled.

^Sand, fine to coarse, tan to light brown, minor clay streaks, soft,

light red and yellow-brown.

Clay, soft, tan to light reddish brown (60«) with (40) sand, fine to medium.

Clay, fairly firm, light gray and red mottled.

Sand, clayey, soft, light yellow brown to reddish brown.

Clay, silty to sandy, drilled soft.

Clay (est. 80% clay/20% fine sand), silty to sandy, fairly firm, cream

and light gray clay, minor red brown and yellow brown.

Sand, fine to medium, with minor coarse, buff to light gray, minor light

reddith brown, thin clay streaks.

Sand, fine to coarse (mostly medium), buff to light gray, clays are cream

and light gray, thin clay streaks.

Sand, mar<;p tin gravpl - 1/4", faj-" • heavy yellow-brown staining on nravel .
• ^ • ' t t r o , t • i

REMARKS

Drilled soft.



C.KADL:
33.9'

Le-Moyne P l a n t '\x i s, Alabama ' " :)V" ~ "'
X;I;D B Y W . P . S t i ^ .Oiai.I.liD BY Holland Well Company DRILL I,

TOTAL UF.PTI! 119^__ L(X:ATION S t a n f f e r ( I r id Coordinates S. 2331.2 E. 2366.9

r.D _2/_9/04_ CNAM-23

M i l s : 'J-3/4" Dra.j Bit 0 to 10';
6-1/4" Dray Bit 10' to T .D.

Drilled on Courtaulds North America Property
Mud: Johnsons Revert

r OUT AGE

l'IU)M

90

95

100

110

117

T.D.

CD
r-o
L.O

CD..
CD

CD

TO

TO

95

100

110

117

119

119

TI11CK-
Nt:ss

5

5

10

7

2

I.ITIIOLOCJY

Sand, fine to coarse, with about 5% qravel + 1/4" buff to light qray.

Clay, slightly firm, light gray and cream.

Sand, fine to medium, with minor coarse, tan to light brown.

Sand, fine to coarse, with 5% gravel + 1/4" (mostly coarse sand and

gravel) light gray.

Clay, fairly stiff, 1' of yellow brown to orange clayey silt on stiff

bluish gray clay.

In stiff bluish clay.

•

,

REMARKS



U j : c ; U N _
CRADK
I : ' - | ; V- 3 ^- 3

_ -

F I N J ' S I I K D 1/31/84 Lor.GKD MY W_._P_.S \_ i I [soifcK] J . l .KD 13Y Holland Well Company DRILL HOLE 0-75

TOTAL DEPTH 125' LOCATION _Staufj;er_(Jrid Coordinates_S. 2537.8 E. 1270.7
H i t s : 9-3/4" Dracj Bit 0 to 10 § ;

6-1/4" Dracj Bit 10' to T .D. Mud: Johnsons Revert
roo'i

FROM

0

3

10

17

20

33

40

50

60 ,

80 ^
u

——— d

go01

100 ^

124 K

— ",

•AGi:

TO

3

10

17

20

33

40

50

60

80

" 90) -^ ——
)
5 ————
} 100
)
- 124

) ^5
.

'J'llit.'K-
NlvSS

3

7

7

3

13

7

10

10

20

10

10

24

1

LJTHOLOGY

Clay, silty to sandy, reddish brown (fill).

Clay, sandy to clayey fine sand, fairly soft, buff to light gray and

light red-brown.

Clay, sandy to silty, fot to moderately stiff, reddish brown.

Sand, fine, firm, buff to tan.

Sand, fine to medium, buff to white.

Sand, medium to fine, with minor coarse sand and gravel, also minor

streams of light gray, and light yellow-brown clay.

Sand, medium to coarse, buff to tan, with streaks of light gray, dark

gray, and light yellow-brown clay.

Sand, fine to coarse with minor gravel, mixed with medium to dark gray

clay, minor tan, and traces of yellow-brown clay.

Sand, fine to coarse, with minor gravel, buff to tan.

Sand, same as above, with thin streaks of cream, light qray, and medium

nray clay

Sand, fine to coarse, with 5 to 102 gravel + 1/4", clay streaks as above

Sand, fine to coarse, mostly coarse sand and 10'.̂  gravel + 1/4", tan to buff

Clav. stiff, liaht bluish nray.
T i : r r * i i . , : i . . .. .- 1 . . .

REMARKS

Formation taking fluid
Added 1 sack Revert

Drilled soft

Formation taking fluid
"Light chatter"

Drilled firm.

Drilled firm.

"Heavy chatter"



MF-:r;UN 2,
(WADE
KJ.KV. .11.7'

1 F I N I S H E D 2/1/31

TOTAL DEPTH

LuMoyno I ' l a n l - A x i s , Alabama ' d'J(' L l" L

UX'.ttKD l l Y W . P . S t ^ ufcUJ J.I.ED UY Holland Well Company DHILL E 0-76

LOCATION S tauf fe r Grid Coordinates S. 2309.5 E. 2097.
H i t s : 9-3/4" I)ra<j Bit 0 to 10';

6-1/4" Dray Bit 10' to T.D. Mud: Johnsons nevert
row

FUOM

0

12

18

29

39

49

53

59

!M ————
ro 71
to

S 73

CD 79

86
ro

89
1

'AGE

TO

12

18

29

39

49

53

59

71

t

73

79

86

89

99

THICK-
NESS

12

6

11

10

10

4

6

12

2

6

7

3

1Q .

MTIIOLOGY

Clay, silty to sandy, firm, reddish brown to liqht yellowish brown.

Sand, fine to coarse, with minor gravel, tan to buff.

Clay, silty to sandy, firm, light gray to buff, intermixed sand streaks

possible.

Clay, silty to slightly sandy, firm, buff intermixed sand streaks possible.

^ Clay, silty to sandy, white to cream and light grays with intermixed fine

to coarse sand.

Clay, sandy, gets more sandy with depth, buff to light gray, with fine

white sand

Sand, fine to coarse, with minor gravel, light gray to buff.

Sand, fine to medium with minor coarse sand and gravel, white to buff,

with light gray clay streaks. At 71' hit a hard zone, probably thin

"sand rock" yellow-brown silty clay on dark gray clay.

Clay, firm, dark gray.

Sand, fine to coarse.

Sand, fine to coarse, with gravel, also clay streaks.

Sand, a? above.

Sand, finp tn rnar^P, with M. Qr 1 1/4" to }/?", alsn linht qrav. cream.
T n r l l i n n ^ - » i ' n r l * - l ' J ' - V ^ I > » » ^ . , . f » r ~ 1 - . i r - . . 1 11 i . i • * -» , r\

REMARKS

Grades into sand.

"Light chatter"

2 to 3' of firm clay.

"Heavy chatter"
Added 2 sacks Revert
"Drills soft but has
streaks of heavy chatttM

r- i-i r



l .uMoyne r i a n t : , A x i s , A l a b a m a ' "-'"- < - " • < -
JGED MY V^P_.S_tilsoit>Rj I.I.ED UY Holland Well Company DRILL HOLE 0-76BEGUN 2/1/84 F I N I S H E D 2/1/04___

GRADE
E1 .KV. 31.7' TOTAL DEPTH _114J_ LOCATION S t a u f C o r Gr id Coordinates S. 2309.5 E. 2097.
B i t s : 9-3/4" Dray Bit 0 to 10';

6-1/4" Dracj Bit 10' to T.D. Mud: Johnsons Revert
FOO'

FROM

39 .

112

T.D.

r-O
r-O
LJ^

CD
CD

K)

'AGf-J

TO

11?

114

114

THICK-
MESS

n

2

LITHOI.OGY

Sand, fine to coarsp (with snmp huff to light yplloi-mh c.nty «;3nd) mixpd

with c.1 ay streak j.

Clay, stiff, about 1' yellow-brown to oranqe silty clay on top of stiff

blud clay.

In stiff bluish clay.

.

•

i

REMARKS



3 10 00534

APPENDIX XXVIII

WATER-LEVEL DATA
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^G4c i S t a e r Stauffer Chemical Comoarv

1391 S. 49th St. Ricnmonc!. CA 94804 Tei. (415) 231-13CO TEL5X:'f

October 30, 1987

Mr. Mark laylor
Camp Dresser & McKee, Inc.
2100 Riveredge Parkway
Suite 400
Atlanta, Georgia 30329

Dear Mr. laylor:

The scheduled program to obtain additional water level and pumping
rate data from the Cold Creek-LeMoyne site, as set forth in my
September 28. 1987 letter to Ms. Van Duzee (ERA, copy to Mark Tay'or),
was essentially terminated on the morning of October 7th and
rescheduled for October 13th through 15th, 1987. Ms. Van Duzee was on
site to oversee data collection on October 14th and 15th.

Groundwater level and pumping rate data obtained between October 6 and
16, 1987 are presented according to the COM Reference number and in
the same format used in my July 31, 1987 letter, in which the data
from last November's program were presented. The groundwater level
data are presented in Attachment I, information pertaining to the
amount of water pumped from Stauffer's water supply wells is presented
in Attachment 2. and information pertaining to the amount of water
pumped from Stauffer's Groundwater Intercept System wells is presented
in Attachment 3.

In an attempt to minimize the problems encountered during the data
collection period in November 1986, personnel at both plants were
contacted during mid and late September and made aware of the program
scheduled for the week of October 5th, 1987. The Cold Creek plant
indicated that they would supply their water needs from well CC-12 (as
they usually do) and would not schedule any operations requiring
above "normal" amounts of water. Additionally, it was agreed that
the LeHoyne plant would 1) shut down wells LM-5 and LM-10 on or about
September 28th, and that these wells would remain off until the
program was completed; 2) not schedule any maintenance work requiring
the shutdown of any operating well; and 3) not schedule operations
requiring above "normal" amounts of water.

If the program had been completed by October 9, 1987, as originally
scheduled, we would have been successful in obtaining a set of water
level data from just about as stable of a pumping rate and pattern as
is likely to occur at the Cold Creek-LeMoyne site. However, the water
supply header from well LM-6 broke between 1500 and 1600 hours on
Friday, October 9th. This resulted in the plant shutting down LM-6 so
the water line could be repaired and turning on wells LM-5 and LM-10
to provide sufficient water to keep the various plants operating.



3 10 00556

Mr. Mark T-aylor
October 30, 1987
Page 2

With well LM-6 shut down for almost 70 hours, the approximately
18-foot deep cone of depression would have almost totally recovered:
and, water levels in the vicinity of wells LM-5 and IM-IO would te
declining rapidly from Friday afternoon until Monday. Then, by Monday
afternoon, the 12th, the wells were returned to their pre-existing
pumping pattern and water level trends in the respective areas
underwent rapid reversals. As a result of the above, groundwater
levels for wells completed in the lower confined aquifer in the
northwestern part of the property (0-8, 0-27, CC-ll, LM-5, & LM-iO)
were lower by one to several feet on October 13th than they were on
October 7th.

The intercept well system at LeMoyne has been operating at a fairly
steady rate over the past several weeks. The center well (IW-2) is
now pumping about 325 gpm, which is only 72 percent of the designated
operating rate. This decrease fn pumping rate results in the
elevation of the water surface in the center well being a few tenths
of a foot higher than the elevation of the water surface at either of
the two end wells; and does not appear to significantly reduce the
effectiveness of the intercept system.

The average daily pumping rate from well CC-12 at the Cold Creek Plant
has ranged from a high of 235 gpm on September 28, 1987 to a low of
108 gpm on October 8, 1987, and the overall average daily pumping rate
was 168 gpm for the 23-day period (9/28/87-10/20/87).

Mr. John Stewartt the Environmental Services Manager at Courtauld's
plant Informed me that their water use has remained at a fairly steady
rats of about 7.5 million gallons per day for the period from
September 28th to October 19th, 1987. They are using ten wells to
obtain this volume of water. Nine wells are process water supply
wells producing about 550 gpm each, and the tenth well is their
drinking water supply well (No. 16) which may be producing 200 to 2f;0
gpm. From October 9-12, they were using wells nos. 3, 4, 5, 7, 9, 10,
II, 13, 16, and 17; and from October 12-15 they were using well nos.
3, 4, 5, 7, 9, 11, 13, 14, 16, and 17. They use their well no.14 as a
"swing well" which they put on line when one of the regularly used
wells are taken off line for treatment.

We feel certain that the groundwater elevation data resulting from the
October 1987 field effort (see Attachments) provide a more adequate
data base than do those data obtained in November 1986? and
furthermore, that these new data w i l l be of significant benefit to
anyone attempting to develop and calibrate a groundwater flow model
for the area of the Stauffer plant sites.
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Mr. Mark laylor
October 30, 1987
Page 3

If you have any questions regarding the attached data or comments,
please do not hesitate to contact me.

Very truly yours.

fr)tJ&
W i l l jam P. StiIson
Senior Geologist

WPS: 1b

cc: Ms. Ellen Van Ouzee
Site Project Manager
Environmental Protection Agency
345 Court land Street
Atlanta, GA 30365

Mr. Joe Downey
Alabama Dept. of Environmental Management
1751 Federal Drive
Montgomery, AL 36130

Mr. Kurt Batsel
Camp Dresser & McKee, Inc.
2100 Riveredge Drive
Suite 400
Atlanta, GA 30328

L. Erickson
D. Flack
R. Hal stead
T. Sayers
0. Smith



ATTACHMENT I

GROUNDWATER LEVEL MEASUREMENTS FOR WELLS IN SECTION V
Based on Depth to Water Measurements Hade on October 6-16, 1987

Sti I son to
10/26/87 -

COM Stauffer
Reference No. Well
Section V Description

None LM-2 Process Water Supply

None LM-5 Process Water Supply

65 LM-6 Process Water Supply

66 LM-7 Drinking Water and
Process Water Supply

Date

10-06-87
10-07-87
10-08-87
10-13-87
10-14-87
10-15-87
10-16-87

10-06-87
10-07-87
10-08-87
10-09-87
10-12-87
10-13-87
10-14-87
10-15-87
10-16-87

10-06-87
10-07-87
10-08-87
10-09-87
10-12-87
10-13-87
10-14-87
10-15-87
10-16-87

10-06-87
10-07-87
10-08-87
10-13-87
10-14-87
in i i ' t'\ ~t

E 1 evat 1 on
Top of Casing
or Measuring

Time Point

1610 46.70
1145
1227
1040
1359
1645
1345

1540 44.09
1155
1220
1600
0930
1148
1051
1735
1345

1550 44.18
1130
1234
1600
1200
0953
1104
1658
1325

1532 40.98
121 1
1218
1109 .
1042 *
i 'i .1 i

Depth
to
Water

77.53*
79.84*
——
76.14"
79.14*
74.98*
---

___
50.23*
——
——
——
51.62*
51.39*
——

67.68*
68.83*
——
——
——
67.68*
71.87"
68.60*
---

_ _ _
5B.20"
---
60.51"
60.51"

Elevation
of

Groundwater

-30.83
-33.14
——

-29.44
-32.44
-28.28

i-——

——
- 6.14
——
——
——

- 7.53
- 7.30
——

-23.50
-24.65
——
——

-23.50
-27.69
-24.42

---

__ _
-17.22

---
-19.53
-19. S3

CD

CD
Comment ^

' ( n

pumping CO
pump i ng
pumping
pump i ng
pumping
pumping
pumping

we 1 off
wel off
wel off
wel turned on
wel turned off
wel off
wel off
wel off
wel off

pumping
pumping
pumping
wel 1 turned off
wel 1 turned on
pumping
pump i ng
pumping
pumping

pumping
pumping
pumping
pumping
l>ump ing



ATTACHMENT I

GROUNDWATER LEVEL MEASUREMENTS FOR WELLS IN SECTION V
Based on Depth to Water Measurements Made on October 6-16, 1987

StiI son to Idyl 01
10/26/87 -

COM
Reference No.
Section V

67

68

Stauffer
Well

Description

LM-10 Drinking Water and
Process Water Supply

CC-II Standby Only Drinking
Water and Process
Water Supply

Date

10-07-87
10-08-87
10-09-87
10-12-87
10-13-87
10-14-87
10-16-87

10-07-87
10-13-87

Time

1222
1203
1620
1615
1120
1027
1301

1631
1546

Elevation
Top of Casing
or Measuring

Point

43.91

39.61

Depth
to
Water

43.98
——
——
——
50.00
47.94

45.00
47.00

Elevation
of

Groundwater

- 0.07
——
——
——

- 6.09
- 4.03
——

- 5.39
- 7.39

Comment

wel
wel
wel
wel
wel
wel
wel

wel
wel

off
off
turned on
turned off
off
off
off

off
off

_ i
CD

CD

t.n
O-J
\D

69

70

CC-12 Drinking Water and
Process Water Supply

IW-I Intercept W e l l

71 IW-2 Intercept W e l l

10-07-87
10-13-87

10-06-87
10-07-87
10-08-87
10-13-87
10-14-87
10-15-87
10-16-87

10-06-87
10-07-87
10-08-87
10-13-87
10-14-87
10-15-87
10-16-87

1622
1615

1352
1027
1246
1003
1121
0858
1330

1359
1034
1255
inio
1130
09?6
1332

33.97

36.42

37.06

——
- —

55.05
55.16
55.10
55.38
55.41
55.48

— — -

54.94
55.03
55.13
55.20
55.27
55.30

——
---

-18.36
-18.74
-18.68
-18.96
-18.99
-19.06

---

-17.88
-17.97
-18.07
-IH.I4
-II). 21
- lfl.?4

pump i ng
pump i ng

pumping
pumping
pumping
pump i ng
pump i ng
pumping
pumping

pumping
pumping
pumping
pumping
f>umping
piMiipint)



ATTACHMENT I

GROUNOWATER LEVEL MEASUREMENTS FOR WELLS IN SECTION V
Based on Depth to Water Measurements Made on October 6-16. 1967

StlI son to Tavloi
10/26/87 - Pa<te -

COM
Reference No.
Section V

72

Stauffer
Well

Description

IW-3 Intercept Well

Date

10-06-87
10-07-87
10-08-87
10-13-87
10-14-87
10-15-87
10-16-87

Time

1406
1040
1303
1015
1135
0938
1334

E 1 evat i on
Top of Casing
or Measuring

Point

36.01

Depth
to
Water

54.34
54.47
54.59
54.58
54.65
54.70
- ——

Elevation
of

Groundwater

-18.33
-18.46
-18.58
-18.57
-18.64
-18.69
——

Comment
,

pump 1 ng
pumping
pump i ng
pump i ng
pump i ng
pump i no
pumping

— *
CD

CD

4s.
CD

89

None
90
91
92

Based on Depth to Water Measurements Made on October 13-15, 1987

73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

#0-17
0-5
0-8
0-16

CCM-6
0-14
0-26
0-27
0-25

CCM-7
0-21
0-18
0-80

IM-3
CCM-3
0-6

(CCM-9)

(CCM-8)
(CCM-II)

(CCM-IO)

(HM-I)

10-13-87
10-13-87
10-13-87
10-13-87
10-13-87
10-13-87
10-13-87
10-13-87
10-13-87
10-13-87
10-13-87
10-13-87
10-13-87
IO-I3-B7
10-13-87
10-14-87

1611
1551
1520
1536
1528
1328
1556
1601
1126
1515
1334
1134
1136
1447
1500
1411

38.95
34.92
34.73
31.40
28.04
31.80
46.85
45.82
47.24
33.23
30.26
45.27
44.08
45.59
32.79
42.96

27.38
23.17
42.39
31.77
30.07
33.90
36.91
52.68
55.21
37.27
35.98
53.12
52.03
52.88
39.50
54.96

+11.57
+11.75
- 7.67
- 0.37
- 2.03
- 2.10
+ 9.94
- 6.86
- 7.97
- 4.04
- 5.72
- 7.85
- 7.95
- 7.29
- 6.71
-11.85

0-78

0-77
0-35
0-33
0 3 1

10-14-87

10-14-87
10-14-87
10-14-87
I O - 1 5 - n /
I ii i •i » i

1406
1731
1739
O'J'i 3
i / ' . < <

45. 17
39.35
3-1.35

' 3H.42
4 « > ''/)

52.25
S2.45
bl . 14
S 3 . 4 t >
/in ''/i

4 . Ofl
3. I l l
3.7'J
' j . iM

1 Ml)

completed in confined
aquifer

completed in confined
aquifer

lop of casing on w e l l
broken orf - biibi.1 i iui
< l -7 / for 0-78



ATTACHMENT I

GROUNDWATER LEVEL MEASUREMENTS FOR WELLS IN SECTION V
Based on Depth to Water Measurements Made on October 13-15, 1987

StlI son to Taylot
10/26/87 - Pay,.- -I

CDM
Reference No.
Section V

94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
1 1 1

None
112
113
114
115
116
117
118

Stauffer
Well

Description

#0-46
0-38
0-42
0-48
0-74
0-66
0-62
0-56
0-59
0-53
0-70
0-68
0-50 (CCM-12)
0-51
0-52
0-23
0-24

NM-I
0-22

NM-2
CNAM-30
CNAM-25
CNAM-32
CNAM- 22
CNAM- 34
CNAM-23

Date

10-14-87
10-14-87
10-14-87
10-14-87
10-14-87
10-14-87
10-14-87
10-14-87
10-14-87
10-14-87
10-14-87
10-14-87
10-13-87
10-13-87
10-13-87
10-14-87
10-14-87
10-14-87
10-14-87
10-14-87
10-15-87
10-15-87
10-15-87
10-15-87
10-15-87
10-15-87

Time

1649
1719
1642
1535
1547
1528
1451
1442
1430
1419
1557
1623
1343
1356
1351
1232
1200
1225
1215
1210
1038
1054
1108
1149
1134
1221

Elevation
Top of Casing
or Measuring

Point

39.07
32.53
40.56
32.45
34.19
36.83
35.04
30.44*
38.13
35.41"
30.71
26.76
41.34
47.27
47.51
13.48
13.90
46.91
34.83
24.91
41.26
43.18
37.99
41.77
45.00
36.34

Depth
to
Water

50.30
46.54
51.74
45.48
45.84
49.92
46.47
41.09
47.72
44.21
39.53
34.79
44.45
50.70
52.62
15.22
14.12
52.64
34.66
27.20
55.20
57.38
52.94
55.84
59.70
49.69

E 1 evat i on
of

Groundwater Comment

i

-11.23
-14.01
-11.18
-13.03
-11.65
-13.09
-11.43
-10.65
- 9.59
- 8.80
- 8.82
- 8.03
- 3.11
- 3.43
- 5.11
- 1.47
- 0.22
- 5.73
- 3.40
- 2.29
-13.94
-14.20
-14.95
-14.07
-14.70
-13.35

LNJ

— *
CD

t — J
CD
cn
_ k

119

120

(Courtaulds Well MW- I )
CNAM- I

(Courtaulds We I I MW-2)
CNAM- 2

10-15-87

10-15-87

1202

1212

37.25

45.45

50.40

58.46

-13. IS

- I 3. f 11

(Courtaulds We I I MW-3) 10-15-87 /IB.81 (Inl riol makt: HUMSin i-ini



ATTACHMENT 2

GROUNDWATER PUMPING RATES AT COLD CREEK - LEMOYNE, ALABAMA
FOR WATER SUPPLY WELLS AND PROCESS WATER WELLS IN SECTION V (COM REFERENCE)
Based on Information Obtained During Week of October 5-9 and 12-16, 1987

CDM
Reference No.
Section V

(None)

Stauffer
W e l l

Description

LM-2 (LeMoyne Plant
process water well)

(None) LM-5 (LeMoyne Plant
process water well)

65 LM-6 (LeMoyne Plant
process water well)

StiI son to Taylui
10/26/87 - Page I

Date

10-06-87

10-07-87

10-08-87
10-13-87

10-14-87
10-15-87
10-16-87

10-06-87
10-07-87
10-08-87
10-09-87
10-09-87
10-10-87
10-10-87
10-10-87
10-12-87
10-13-87
10-13-87
10-14-87
10-15-87
10-16-87

10-06-87
10-07-87
10-08-87
10-13-87
10-14-87

10-15-87

Time

1610

1145

1227
1040

1359
1645
1345

1540
1155
1220
1600
1720
0720
1130
1415
0930
0944
1148
1051
1735
1316

1550
1 130
1234
0953
1 104

|8

Discharge
Pressure
(psig)

6I.O(T)
59.5
56.5(T)
56.5
52.5
62.5(T)
61.0
58.0
62.5
55.0

0
0
0
——
——
___
——
——
——
0
0
0
0
0

67.0(T)
63.5(T)
63.0
60.0(T)
59.5(T)
61.2(7)
es.om
<>f) . fl ( ! )

Estimated
Flow Rate
(gpm)

580
600
640
640
680
550
580
620
550
660

0
0
0

——
___
___

_ _ _
0
0
0
0
0

430
4BO
4/0
410
520
41J(I
460
S20

Comments
CD
CD

(T) test gauge (ji

well
well
well
well
well
well
well
wel 1
well
well
well
well
well
well

(?) <

off
off
off
turned on
turned off
turned on
turned off
turned on
turned off
off
oft
off
oft
off

:jaii'i<>
1 j ( ill. ihl i-



ATTACHMENT 2

GROUNDWATER PUMPING RATES AT COLD CREEK - LEMOYNE. ALABAMA
FOR WATER SUPPLY WELLS AND PROCESS WATER WELLS IN SECTION V (COM REFERENCE)

Based on Information Obtained During Week of October 5-9 and 12-16, 1987

S t i I son to lay 101
10/26/87 - Page 2

Osl

CDM
Reference No.
Section V

Stauffer
Well

Description Date Time

CD

Discharge
Pressure
(psig)

Estjmated
Flow Rate

(gpm) Comments

CD
<P
<n
-ti,

66 LM-7 (LeMoyne Plant
Process Water Well

10-06-87 1532

67 LM-IO (LeMoyne Drinking
and Process Water Well)

68

69

CC-II (Cold Creek Drinking
and Process Water Well)

CC-12 (Cold Creek Drinking
and Process Water Well)

10-07-87
10-08-87
10-13-87

10- 14-87
10-16-87

1211
1218
1109

1042
1257

broken gauge

65-74(T)
broken gauge
74.0(N)
72.0(T)
72.0(N)
66-75(N)

10-07-87
10-08-87
10-09-87
10-12-87
10-13-87
10-14-87
10-16-87

10-07-87
10-13-87

10-07-87
10-13-87

1222
1203
1620
1615
1120
1027
1301

1631
1546

1622
1615

0
0
——
0
0
0
0

0
0

76.0
61.0

520
(440-560)

370
400
380

340
360

(180-440)

0
0

0
0
0
0

0
0

130
ISO

5 min. average flow

10 rain, average flow
10 min. average flow
(N) installed new g<iii'i
10 min. average flow
10 min. average flow
5 min. average flow

we)
wel
wel
wel
wel
wel
wel

wel
wel

off
off
turned on
turned off
off
off
off

off
off

10 min. average How
10 min. average f l»u



ATTACHMENT 3

GROUNDWATER PUMPING RATES AT COLD CREEK -LEMOYNE ALABAMA
FOR GROUNDWATER INTERCEPT SYSTEM WELLS (AT LEMOYNE) IN SECTION V (COM REFERENCE)

Based on Information Obtained During Week of October 5-9 and 12-16, 1987

StlI son to lay I or
10/26/87 - Page I

OJ

CDM
Reference No.
Section V

70

Stauffer
Well

Description

IW-I Intercept Well No. I
(east)

71 IW-2 Intercept Well No. 2
(center)

72 IW-3 intercept Well No. 3
(west)

None Total Flow IW-I, 2, 43
at Totalizing Flow Meter

Date

10-06-87
10-07-87
10-08-87

Time

1352
1027
1246

10-13-87
10-14-87
10-15-87
10-16-87

10-06-87
10-07-87
10-08-87
10-13-87
10-14-87
10-15-87
10-16-87

10-06-87
10-07-87
10-08-87
10-13-87
10-14-87
10-15-87
10-16-87

10-06-87
10-07-07
10-08-87
10-13-87
in-N-fl7
IO-IS-87
in i . it I

1003
1121
0858
1330

1359
1034
1255
1010
1130
0926
1332

1406
1040
1303
1015
1135
0938
1334

1421
1048
1309
1024
1 lr>0
•is
in

Discharge
Pressure
(psig)

96
94
96

96
96
96
96

58
58
58
58
58
57.5
56

59
59
60
59
59
58
58.5

Estimated
Flow Rate
(gpm )

330
375
325(?)

375
375
355
330
360

310
325
325
325
325
320
320

500
500
510
500
520
520
520

1 180
1200
1200
12011
1201)
i inn

Comments
CD
CD
C.n

by difference
by meter(?) meter
not working proper I
by difference
by difference

by meter
by meter

4 min. avt
3 min. <ivc
4 min. <ivt;
5 min. <wc
10 min.
10 min
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APPENDIX XXIX
ECKHARDT SURVEY INFORMATION

REGARDING THE LEMOYNE LANDFILL
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INSTRUCTIONS

\i-AST!- DISPOSAL SITE SURVEY
' , ^ f
'• *r . ~" .

PURPOSE "«•*-••.>•«-.

WHO IS INCLUDED. IN THE SURVEY -;>

.*, -. **.

»•*• •). -

..< TIME PERIOD TO BE.COVERED ;'.̂$.£;'\ ,̂ -r̂ 'iv.
FORMS: A: GENERAL FACILITY'INFORMATION""'-'^

B: DISPOSAL SITE INFORMATION, . '.'.
C: HAULER INFORMATION v . - ~ ..;«.

v*a' 0: SUPPLEMENTAL HAULER. INFORMATION t-
.-.- COMPLETING THE FORM :- ; .rr

WHO TO CALL WITH QUESTIONS' '•*' - t

?r.S£€§&&
t.$fg?jg&

: i>i-jS>fe.i»-'irt>"^-^iift
? • :: Z-b f .;•' -=-ii..4i

- -'" j1.' >• ;' ~ ''rVi*

•-iW-rr^. »:v.^ri.^v^-;-;.. i.'-'^'.v'i*:' :-/^%jj^
• ;;.-:io/s.-̂ -.̂ *;T%i::.: V:'^2^^^^^<i. »:•>-.• fj:-;ia»j«i

t.« »j -^ •. . •- .̂ .*t"*.

Subcowiittc*

CoMiitte* on
.

U. S. House of Rtpresentatives

Hon. Bob. Eckhardt.. Chairman •

Apr il- 197 9;- .;••'* ' '
v •-.»..

>.-.^- .<.aC''-.-.r/_v ± • »ijij;.•:..-•.^ .«^ -
VT:-.:-.^, r.:-..7̂ .̂ -i..v. ...

' - - ^^•-•;»-.-
-.-,«v-^'»«#'-i'ic'rr-'-? -^•vrtfiSffa;-'*' '•:• • '--•

*. ~ . -VW!*:V ..* aWA r ' ' -i* f'tf""tt^t^f *'. - *•

w

•ir-sj».i.- . . - . . ' . • - •
• f. .. • ..- ' •
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This Hasto Dispoiil Sice Survey is being conducted by the Sub-
comoittee on Oversight and Investigations of the Cor-r.ittee on
Interstate and Foreign Commerce, U. S. House of Representatives.
Thu purpose of the survey is to begin to identify the location
of sites in the United States used for the disposal of chemical '
plant process waste materials since 1950.••The fifty largest
chemical companies and their subsidiaries or affiliates are -
included in this first national survey.- Information gathered
will assist die Congress in addressing the problems posed by
active as well as inactive or abandoned waste disposal sites.
The information will also be useful to the U. S. Environmental
Protection Agency in effectively implementing the Resource _.
Conservation and Recovery Act of 1976. '•;-.' . '.

• -X" V. • . '" "^ " "•

WHO IS INCLUDED IN THE SURVEY'1 '.'••' *.•"•< •*-*•«-**••——————————————————————;——.» - • "».•'.;..'»...*•<%.•.• ;
The survey is based on the experiences of the SO largest cheaical -.•-
companies in the United States. A complete set of instruments . x -
is to be filled out for'every facility or plant in the United .
States owned, operated or leased by one of these companies or
any of their subsidiary or affiliated companies. ."'. "

It is recommended that the corporate headquarters, to whoa the''
survey instruments are sent, send a complete set of instruments
and the instruction manual to the plant manager or supervisor of
each of thc-coapany's plant* or facilities. The plant manager *
or supervisor should then complete the fonts using whatever ..."
records or employee knowledge he or she may have at his or her... __<.
disposal. It is further requested that-completed forms froa each
facility be returned to the corporate headquarters for final,% __ ŝ -*.
collation.before returning thea to the Subcomaittee. .--' ' " "" "•*-

TIME PERIOD TO BE COVERED y" " ' J-̂ U.:V-v"' - '-"•''• '—^ —
It is the Subcommittee's'intention to collect information'-on '; .'*-'
waste disposal sites used since 1950 (or since the time a-' . *?v
particular facility began operation if after 1950). Some'facilities'V?-
aay not have formal records on waste disposal dating back'-to1
19SO. The Subcomaittee requests that every effort is mad* to

'reconstruct waste disposal practices for which written \ r •-• V""«?
records do not exist. Most important is the identification'(by •->" • • ̂1'.*:
name and location) of alT sites used for the disposal of process"
wastes from a facility since lasu. It is very likely that ;J
employees with soae tenure at a facility will know where ..
pastes were disposed of; thus the knowledge,employees may have 'J,~ ~'^:-£,
of wast* disposal practices by the facility should be explored,
along with record searches. ... , „ ..'.. ± '

FORMS ':'. ' -;" "V̂ -.'fi'-V '•'•'••'
The instrument package consists of 4 separate forms as described
below: . . .. • •, ':. t-'&•.*•

FORM A: GENERAL FACILITY INFORMATION; This fora elicits
information on the total amount ot process waste generated
by a facility in 1978 and the methods used other than sale
for use for the disposal of these wastes. This information
will provide a general picture of the facility's current'

.operations. The form also requests information on the. >.? •-
number of sites used since 19SO for the disposal of process
wastes and the hauling of process wastes from the facility.
The answers to these questions will indicate whether or not
(and in what nuobers) Forms B, C and, D need to be completed

FORM B: DISPOSAL SITE INFORMATION; '.'This form is to be*;-. ;'
completed tor every disposal site used by the facility
since 19SO for the disposal of the facility's process *" '
wastes. The property on which the' facility is located nay-,
also have been used for waste disposal; if so, one Fora . •

. '• .r. -t'

. . - . • • _ •

.:..{..
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"B" should be- usei for this "an site" disposal. The farm
elicits informatian on the naite, location and ownership of
the site, the dates the site was used by the facility, the
amount and content of the process waste disposed at the
bite froo the facility, the current status of the site as.
well as the types of disposal methods used »t the site.
In all instances a facility should seek the answers to
each of the questions — (NOTE: Fora ."B". consists of 2 pages.

FORM C: HAULER INFORMATION: This'fo'rm asks a facility to
list the Hamas and addresses of all firms or independent
contractors (including the company, and its affiliates and ,
subsidiaries) who since 1950 removed process waste materials
from the facility. Information on^the.years used is also --
requested. - » . _ . . . . . - jt

FORM D: SUPPLEMENTAL HAULER INFORMATION; Some process wastes '
»»y have been hauled from a facility and.taken to a location
unknown to the facility. For every firm or contractor who '"
has taken waste in this Banner from-a facility, Form 0' .
elicits information on the content and amount of wastes "•"
hauled and the dates the hauler-was. used.-1 ; - . - • • •_.•

COMPLETING THE FORMS . . • - . ',..-.• -v

The information requested o'n the.forms-isTTergely numerical in .
nature. Block spaces.have been provided', for. this information..
Respondents are requested to write • (or type)"-responses clearly
within these spaces. In any instance in-,which the response '
has fewer digits than the number of spaces provided, the re- -
sponse should be right justified. For.example, if a facility>
generated 21,292 tons of process, waste.-during 197S, the • - . - • -
response on Form A, Question 3 would be recorded as follows:.; •

. - .', hundred tons'.., ;.'-.'.I • I' I *TI I; I i I j I C25-32)v-

In requesting information'on*amounts of. process waste generated,"
disposed at a given site or hauled by a given firm/contractor,
three different categories (gallons, tons and cubic yards)
have been provided. One or all of these categories may be used,,
depending upon which is most convenient for.a facility. In
no instance, however, should the amount-of*waste be double
counted (i.e. a given amount should not-be.recorded as both,...*,
gallons and tons). . :_• <...i£-v - c'
All non-numerical responses (eg. names'and*addresses) should
be written legibly or typed in the spaces'provided. " If there .
. is a need to clarify responses to any questions, clarification -
. should be provided on the back of the_form.or on an appended

MHO TO CALL WITH QUESTIONS :'•".*?'" '
" :' '.- 'r"1 iv- • *

The Subcommittee will hold a private briefing for all companies
asked.to participate in this survey on Friday, April 27, 1979
at 1:00 p.m. in 2123 Rayburn Mouse Office Building in order
tu answer any questions or concerns. Companies should hold, all-
initial'questions for this private briefing: Following this
date, all questions should be directed to-Anne Cohn. Survey
Coordinator at (202) 225-4231 or Mark Raa'be'J Staft "Director,-.'
at (202) 225-4441. . 'r '< • • '

.. ''..jf?.*!- :..-• . .

•>*?•
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mpar.y M.une:

JUlress: Po too
No.

Aos
SCtMt

J-.; ^-" 7 -V-'V'fe'V

City Sc«c* .. Zip Cod* .

of Person Completing Fora:____P. S.

Position: PuAuT /Hi

Phone - <3iO -"
. - - . - . - v..,Vr-- . •

' " . '• ' t' '" '.

I. Year Facility Opened ..........................;.:'.7.£/.'..'...

2. Primary SIC Code ,
3. Estimate the total anounts

sold for use} generated
its of process tastes (excluding wastes -, ' •: •**T?*Tl' ;"-~--'«f.i5&
by this facility during 1971: '. . '•.'.-. £;;'£?• -''••-~ji*JX>

housand gallons ...;'.....IV.'.'.'.'•".- II II I I I-1 I I (i6-24)vf.Sthousand

hundred tons ..........r^.'.r/^;;-1 I I I \~-\"\*\tl7\ C25-32)^-

thousand cubic yards ...::.?.V;';: I I I |;|• H?| I' I (33-UVW.

4. Estiaate (in whole percents) how these process wastes.'?: . .
generated in.1978 were disposed of: ' ^ •*•• ,^

" in landfill ........"...i..̂ ".'..'....- • -• - - _-•**—•';-- •-•• -V-*Tin pit/pond/iagoon ....:..^?£\\'.....;::.VT7V.. Qflfij (45-*7):^&
in deep well ...........~..;-£::\';.......~.?:'.r. Q_LfiJ (*•-»»)-S*
incinerated ...............i.1............T.f;i*rîl C5X-53)̂ j

reprocessed/recycled ... ..:'..*.............V,!. I I l̂ ?f (54-56) <£•

• " evaporated ...,.............................','.
1 ' v . <!»

• * * * * * • * • • • • •

* *

' S. What is the total number of known sites (including disposal on the '^t
property where this facility is located as one site) that have been ~~r^''
used for the disposal of process wastes from this facility since ••***' •
1950*............................................................... I Ill4l

tCMPUETE ONE FORM "5" FOR EACH OF THE SITES) • . , . „ _" . ' ' "i———......««—.—_— ' »• • -.*- .-»*-^-«v^i '••'• *V.;-
6. Have any of the process wastes generated at this facility been*' - ~V'"', • -i

houlet! (roB=v«d) froa this facility for disposal? C*es-l; no»2) .......-.'-" [ij C6»)»T,-

||F YES. COiPUETE FORM "C" | - • V^-'"- ' "."-

7. Do you know Uie disposal site locations of all of the process waste " • ' * " ' -
hauled from your facility sine* 19SOT Ctes-1; no-2) ..................'.'. lil(70)j^

IF NO, OWLETE ONE RM4 "V PW EACH FIRM OR CasTRACTOR 5.- . ,-'!
•iHO TOOK WA5TE TO AN UXBOM UXATIQN_____________ .-? . ;-

S. Specify the earliest y««r represented by information froa company ' .!*** ~T
or facility records suojiliod on this and other forms .................10)7131 (71-72)

9. Specify tlie earliest year represented by information from employee r.-- -• ••:•-
- • on this and other fsms ...........................1915IZI (73-74)

:̂:**i./-- .JL • * - * *.".-•
»,". it'-'gir-*l-f~'-r£ '••'

*':.-"
'••'.-':TJPt':̂ 1' !

' T.

«-i •. .*•;
= ••**
•;,î l?'
• it...
••»*?•

*-."
r^~

-•,?

'•L 'r*1 -«̂ *.-: tirij X-*<•:: î .̂ -?
-• - "< .-:•«$«-̂ ' •••' T.^-^y- * •: '..- v' - r, • *• 4** • •» < *• ' • »'S>»".?l • •• - •^v^-;> r^' '
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S; te NJ.-*

(or characteristics) of process waste froo this ficility
JispocJ at site: (l-present in waste; I«r.ot present in waste; •- •-
9«Jw.n't know) ...

FILL IN EVSRY SLOCK SPACE
Acid solutions, with pH<3................................................ \n (10)

pickling liquor ..................................................... i | (11) "
necal platir.g waste ................................................. i_j (12) .
circuit etchings .................................................... i j (13).-
inorganic acid manufacture .......................................... J2j (14)
organic acid nanufacture ..................;......................... i\ (IS) ~ ~ V>

Base solutions, with pH>10 ............................................. (£j (16r*""s •*
caustic soda manufacture ............................................ yj (17) •.'•iiit'-:
nylon and siailir polymer generation ................................ |_j (18) '^-'-'^
scrubber residual ................................................... ij (19) :;uf»4

Heavy netals ft trace metals (bonded organically ( inorganically) ........ [2} (-0) j^ V_
arsenic, selenium, antiaony ......................................... |_] (21).'-' ̂ K
•may.............................................................. m (22)-vsijJ.-.
iron. Banganese. magnesium ..................-..'.'.::..:......:.......;. (jj (23) •~'.VV.
line, cadniua, copper, chroouum (trivalent) ......................... i£j (24) • • ' • • ? •
chromium (hexavalent) ............................................... I9i (25) ''»".;-
lead ........................................V....................... gj (26) ••'••••-?.

Radioactive residues,>3 pica curies/liter .....'.:'....................... (jj (27) * •""*
uranium residuals ( residuals for UTj recycling ..................... u (28) .1!
lathanide series elements and rare earth salts ."....I................ 11 (29) ~J"
phosphate slag ...................................................... u (30) ;j-
thorium ...-..................................................;........ \_j (31).-'-\
radium .............................................................". (_j (32) Jw.
other alpha, beta ft gama emitters ............................"...... |_| (33)

Organits................................................................. ^j (34)
pesticides 6 intermediates .......................................... |_j (35)
herbicides fi intermediates .......................................... (_| (36)
fungicides ft interaediates .....................................!.....!_) (37)
rodenticides C intermediates ............'....................:...:... (_J (3*)
halogenated aliphatics .............................................. |_J (39)-r-
halogenated arooatics ............................................... |_j (40) _,rr_ C.
icrylates S latex eoulsions ......................................... i_l (41)13^ >..
PQ/PBS'i "" ^ ' -•-amides, amines, inides .............................................. ij (43) ;- .̂'-_.
plastiiers .....................................................;.:.. U C««)jLv:*:.'
resins .............................................................. LJ («) -. T.;- '
elastomers .......................................................... U (W)^ -•'?'•
solvents polar (except water) .................,....................(_) (47) •;'"•'"
carbontetrachloride .................................................. ifi (48)^; ;*
trichloroethylene ............................:.;................:... LjC<95"^Tr-•"'
other solvents nonpolar ....................::..................'.... 11 (50) '•'..*•;'•**
solvents halojenated aliphatic..............T.....................V;. i_j (51) '̂-'-;~
solvents halojenated aronatic ................ 1...................... (_j (52) .J—• r^-
oils and oil sludges ................................................ Uj (SJ).
esters and ethers ................................................... i i ( 5 4 ) - -
alcoholr ............................................................ |_j (55) ;.
ketena S aldehydes .................................................. |_J (S6)
cioxins .....................................,....................;,... j i (57).

Inors*nics .............................................................hits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : . . . . . . . . . . . . . . . . . . ' .
tsrcaptans ................................:......................... |_j (60) -

Misc....7................................................................ UjC61).v, !
phAruceutical wastes ............................................... |_| (62) ; '.
paints t, pigments ................................................... li) (63) .- •• • J
catalysts («.-£. vanadiua, platimn, palladium) ....................... l_j (64)" , . |
asbestos ............................................................ |_| (65) : . •
shock sensitive wastes (eg. nitrated toluenes) ..................... i_j (66) .-.- '
air water reactive wastes (eg. P4, alundnus chloride) ............... i_j (67) ^ .
wastes with tlash point below 101)' f................................. (_j (68) ",;:.• . [

• ' "'... .: I
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